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a Porter L* 


ROCHESTER. 


Aveling & 


N 
Steam 


Road Roters & Tractors. 


1108 


YARROW * %Gusbeoir. 


PASSENGER AND CARGO STBAMERS, 


SHALLOW DRAFT VESSELS. a 


R °z183.. Limited, 
IRLAM, MANCHESTER, 
FEED WATER HEATERS, 


CALORIFIERS, EVAPORATORS, Row's 
CONDEN , AIR HEATERS, PaTENTs, 
AM and GAS.K 
= Merrill’s Patent bg iS STRAI ERS 


for Pum 
SYPHONIASTHAM TR ay tEDUCING VALVES 
h-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 5723 


VY ARROW & OO ie LTD., 


LAND AND MARINE 


YARROW BOILERS. 
819 





= umford, td. 
M L 


CULVER STREET WORKS, COLCHESTER. 
Ox ADMIRALTY AND Wak OFFICE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 24 and 25, last week. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
J ‘Admiralty. 





at Low Prices. 


or | Sale, 
inch Water-driven Hydro 
BXTRACTORS by oWainen, Laidlaw & Co., Ltd.; new 


condition. 
JOHN H. RIDDEL, LTD., 
40, St..-Hnoch Square, Glasgow. 





Fo Sale, Selections from 
Stock at Reduced P: 


Numerous AIR COM. PRBSSORS, Belt and Steam 
driven, aA ie. an up to 2178 cubic feet. 





geey : tt of = —- Ship- 
ant ani ent a 
mae, is | dBauiomient « Spec END’ 'US YOUR 
JOHN H. RIDDEL, LTD., 592 
40, 8t. Enoch Square, Glasgow. 
Established 1876. 
SPEOIFY WELDLESS ag CHAIN, 
Bix Stron is 
IN THE W. Sere 
Manufacturers : WELDLESS CHAINS, Lrp., 
a WELLINGTON STREET, GLASGOW. 





ank Locomotives. 
Specification ren Workmanship equal to 
Main e Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., wes 
ENGINEERS, NEWCASTLE-ON-TYNE. 


Brose Eat & Kirke 


PATENT 
ERS. — See page 80, April 6. 
Sole Makers: SPENOBE BON » LTD., 
Parliament. Mansions, Victoria St., London, 8.W. 


AK Tubes, Plates, Rods, &c., 


in Brass and Copper. 


ALLEN EVERITT & SONS, Lro., 
Kingston Metal Works, 














SMETHWICK, BIRMINGHAM, 1344 
P lenty and on, 
LIMITED. 
STATIONARY, STEAM AND MARINE 
ENGINEERS. 
NEWBURY, ENGLAND. - Bu 
team Hammers (with or 


d-worked or self-acti 
TOOLS = for SHIPS TLD BE LDERS & BUILERMAK 


1189 
DAVIS&PRI MROSE, Lars Lruirep, Lerra, Eprssvunex. 


Penningto tons, University 
rORGNEN Oxford Read, Manchester. 
Betab. 1876, Bnrol now for LCE. and I,M.B. Postal 


Courses. 100 per cent, passes last Exams. Reinforced 
rete—a new comprehensive course under 


expert expert engineer, £3 3s. FWrite for particulars, © 968 


Bever, aa & Co., Ltd., 


HIGH-CLASS ENGINES FOR PALL PURPOS 
also WINDING iB HAULING, AIR COMPRESSING 
G ENGINES. 1896 











(Campbells & Hue: Li 


SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





in! Vosrer & Co, Lr, 


SHIP & LAUNCH | BUILDERS, Od 3551 
ENGINEERS & BOILER MAKERS, 


septa AND 
(Cochran ROE 


TUBE TYPES 
See page 17, April 6. 


Bul ers. 
[the 


Mitchell mveyor and 


TRANSPORTER OO., LTD., 
ConTRACTING ENGINEERS. 











DESIGNERS and BUILDERS 
of . 
all Olasses of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, B.C 1, 


Telegrams: ‘‘Micontraco, Cent, Londen.” 


Telephone: Holborn 987 





[the Glasgow Railway 


Engineerin Company, |" 
GOVAN, GLASGOW. 
London ign a Victoria — 8.W. 


NUFACTURERS 0: 
RAILWAY CARRIAGH, W WAGON & TRAMWAY 


CARRIAGE & WAGON *TRONWORK, also 
CAST-STEEL AXLE BOXES. 1234 





Searene for Light Railway, 
Tramway and General Power Transmission. 

A complete GENERATING PLANT of 1000 Kw. 
capacity is available for immediate delivery, com- 

sin, gee gh ot h ac alin a » enclosed, Compound 
Ege and Dynamos 500/550 Volts 
D Allen’s Surface og ane Plant, Edwards’ 


beg Syd 
compie e ce. con: 
Also DIESEL ENGINES, 850 


JENNINGS, West Walls, Howtatle-cn tyne, 978 


P &. W. MacLellan, Lid., 
e  CLUTHA WORKS, GLASGOW, 
MAWUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, é&c. 
Ohief Offices: 129, Trongate, Glasgow. Od 8547 
Registered Offices: Clutha House, 10, Princes 8t., 
Westminster, 1, 








Se. 8 Hydro Pnommatic Ash Kj ector. 


Great savi ot labour. No noise. ™ dust. No 
Ashes disc 
pag RS 
and Surveyors . 
London, B.C. ‘ 4835 





and PUMPING 
ranes.—Electric, Steam, 


HYDRAULIC and HAND, 


of all and sizes. 
GRORGR RUSSELL &- 00., Lrp. 
Motherwell, near iis? 






—"* 


Weld le Ste a wn ubes 


Iron and Steel 
Tiubes and Fittings. 


Bole Licensees in Great Britain for the manufacture 
of “ easaedl Rust a © re ge a: 


The Scottish Tube Co., Ltd., 


Heap Orrice: 3%, Robertson Street, Glasgow. 
See Advertisement page 71. 





SATE Rom 





J 


IRON & STEEL 


T u bes a: Fittings 


oo Baa 


GLASGOW - BIRMINGHAM LONDON. 
See Advertisement Page 106. 1111 





Ds Line Excavator. 


a moved 3,000 cube _ in one day. Ma 

be at Frodsham, n Chester. Reac 

17 ft; q lite four to five tenes speed of working, 
one to three cuts a minute, 


HARRY FAIRCLOUGH, 
Contractor, 


W4RRINGTON. 1107 





ON ADMIRALTY LIST. 


ohn Kirkeldy, Ltd., 


London Office: 101, hap po in E.C. 3, 
Works: > co EX, 


tin, Fag 
ca ting and and i Machinery. 
ater 


Combined Qiroalating and Air Pumps. 
Auxiliary prays Cendensers. 


&e. 846 
J. Davis, 





M.I.Mech.E., 
eS peng — ee 


Reported up 
736 and 737 7 Bera: tford., Wire: R - re 


—Great Eastern Road, Stratford, B. 15, 





esigns, Production 
DRAWINGS, TRACINGS, ete. Prepared 
for all kinds Engineering work. Patent Drawings. 


ON. 
63, Summer ind East Molesey, Surrey. 
"Phone: Esher 341. 1273 


ee: of Vessels. — A 
>. eee of Instruction By g oa 
ndence.— jor particulars an ’ 
9, Offices of Betxxnuve. oe 

Phone—Holb. 541. Tele.—Andrubo, Holb., London. 


Andrews & Beaumont, 


CHARTERED PATENT AGENTS, 1292 
29, Southampton Buildings, London, W.C. 2. 


1 . eneral Ay28ineering 
WORK PROMPTLY EXEHOUTED. 

Parts MACHINED aND ASSEMBLED. 
BRITISH VACUUM CLEANER AND 
ENGINEERING es ie ee. 

Parson’s Green Lane, Fu 8.'W.6. 
Fo Your airs of any 

SPECIAL 


MAI 
THOMAS HUNT & SONS? 
bion Ironworks, 


Albion 
sain ore *. Batieret, 8.97 














1313 





= ala 


HS sheen, & GS team 


ngines. 
a 
CaRrELs 








Oariten Hi prem g Street, London, 
MPelephones Regent 2484.” 


are 








ellamy | imited, 


_j ohn 
MILLWALL, LONDON, E. 
GEWERAL CONSTRUCTIONAL ENGINEERS, 1216 


Boilers, Tanks& Mooring Buoys 

STILLs, Prvact Tanks, AIR RECEIVERS, STEEL 

Cumntys, RiveTtep Steam and VENTILATING 

Piers, Hoppers, Sprcian WoRK, REPAms oF 
Att Kunps. 





RAILWAY AND TRAMWAY ROLLING a 


H™ N elsone Oo. L* ‘3 


Tue Grasaow RoLtine STook AND PLANT A 
MOTHERWELL. 


He Wrightson & (10., 


See Advertisement page 62, April 6, 


ees pal & (co. Le 


EVENFORD WORKS, Dumbarton. 163 
Meee Full Page Advt., page 50, March 30. 


(Taylor & (Challen 











Tresses 
Production SHEET METAL WORK, 
SOINAG CARTRIDGES AND GUNPOWDER. 
car my a and Showrooms: BIRMINGHAM. 


half page advert., page 82, March 30, 8195 


Forgings & G tampings. 


9158 





FELLOWS BROS.,, Ltp., 
Crapiey Heatu, STAFFS. 





ailway 
G witches and 


rossings. 
T. SUMMERSON & SONS, LIMITED, 
DagLinerTon, 





GOLD MEDAL-InvesTions EXHIBITION-AWARDED 


uckham’s Patent Suspended 
WEIGHING MACHINES.—BAST FERRY 

ROAD ay vie eae ty WORKS COMPANY, Lrp, 
nS .— Hydraulic Cranes, Grain Blevators, &c. 
See illus. Advt. last week, page 15. 90% 


Wayaoop-Oris 
Lirts 


54 & 55, Ferrer Lang, LONDON, E.C.4, 
62 & 63, LioneL Staeer, BIRMINGHAM, 
and Principal Provincial ‘Cities and Abroad, 





10 





Aluminium in 
Retin g-stock 
Reduces 
Weight 
ower and 
Maintenance 


Cove: 


Aluminium Co., 
00, Quacn Victoria: Sta. 
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ENGINEERING. 
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’ 
[the Manchester Steam Users 
ASSOCIATION, 

For the prevention of Steam Boiler Explosions and 

for the attainment of Economy in the Application 
of Steam, 9, Mounr STREET, MANCHESTER. 

Ohief Engineer: C. H. STROMBYER, M.1.C.B. 

Founded 1854 Sir Wimu14M Farnpairn. 

Certificates of Safety issued under the Factory and 

Workshops Act, 1901. Com) tion for Damages 

and Liabilities paid in caze of Explosions. Engines 

and Boilers inspected during construction. 1311 





‘Tniversity of Liverpool. 


Session 1923-1924. 
FACULTY OF ENGINEERING. 
Dean: Prof. T. B. ABELL, O.B.E., M.Eng,, R.C.N C., 
Ret., M.Inst.N.A. 
Prospectus and full ticulars of the following may 
Qe obtained on pplication to the REGISTRAR 
Boginesring. 7 jrmodynamics of Heat Engines, 
Strength of Mc.erials, Hlectrical Engineering, Civil 
Engineering, liaval Architecture, Metallurgy, Geo- 
logy. Marine Bogineering, Design and Drawing, 
Refrigeration, Mathematics, Physics, near ay? fe 





((orrespondence Courses for 
Inst, Civil B: ., Inst.Mech.H., London Univ. 
inter., B.8c.}, and ALL ENGINEERING 
TIONS personally conducted by Mr. 
PHILLIPS, B.Sc. (Honours), Assoc. 

M.Inst.0.B., M.E.S.I., F.RS.A., &. Also Day 
Tuition in Office, Hxcellent results at all Exams. 
Courses may commence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to 8/11, Trarrorp CHAMBERS, 58, 
Sours Joux Street, LIVERPOOL, 1295 


Byasineering Salesmanship 
and SALES ANAGEMENT.—Write for 
brochure describing our special Course of training 
for posts of unlimited scope in this lucrative field.— 


DIRECTOR, Institute of Engineering Salesman- 
ship, 343, Oxford Road, Manchester. 








Haginecring Examinations.— 
A y: ening or Correspondence Courses of 
Preparation for all examinations. Thousands of 
successes during the past eighteen years.— 
G. P. KNOWLEs, M.B.E., B.Sc,, A.M.1.C0.K., etc., 
29, Victoria Street, Westminster, S.W.1. 








TENDERS. 





BOMBAY, BARODA & CENTRAL INDIA 


RAILWAY OOMPANY, 


The Directors are prepared to receive up to 
Noon on Wednesday, 2nd May, 


. 
‘| ‘Yenders for the Supply of 
WHEELS & AXLES. 

Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these Offices 
a of 10s, each (which will not be returned). 

he Directors do not bind themselves to accept 
the lowest or any Tender. 
8. G. 8. YOUNG, 
Secretary. 
Offices; 91, Petty France, 
Westminster, 8.W.1. 


9th April, 1923. A 148 





TO BLECTRICAL BNGINEERS AND OTHERS. 
THE METROPOLITAN ASYLUMS BOARD 
invite 


[renders for Installing Electric 


LIGHTING tn the STAFF BLOCKS, etc., at 
Hospital, Tooting, 8.W. 17, in 
accordance with Drawings and Ley pre- 
_—_ by Mr. T, Cooper, M Inst.C.B., M.I.Mech.E., 

ngineer-in-Obief. The Drawings, Specification, 
and form of Tender may be inspected at the Office 
of the Board, Victoria Embankment, B.C. 4, on and 
after Ten a.m. on Friday, 13th April, 1923, and can 
then be obtained upon payment of a deposit of £21. 
The amount of the deposit will be returned only 
after the receipt of a bona fide Tender sent in accord- 
ance with the instructions on the form of Tender 
and alter the Specification and the Drawings have 
been returned. 

Tenders addressed as noted on the form must be 
delivered at the Office of the Board not later than 
2.30 p.m, on 25th a ny 1943. 

(By Order) G. A. POWELL, 
Clerk to the ot 
17 


the Grove Fever 





DEPARTMENT OF PUBLIC WORKS, 

presey, Slst January, 1933. 

SYDNEY HARBOUR BRIDGE TANDERS— 
BXTENSION OF TIME. 


enders are Invited by 
the Government of New South 
Wales for the CONSTRUCTION OF THE 
SUPERSTRUCTURB AND SUBSTRUCTURE OF 
A CANTILEVER BRIDGE AOROSS SYDNEY 
HARBUUR FROM DAWES POINT TO MILSON’S 
POINT, embracing a main span of 1600 feet in the 
clear, centre to centre of main piers, and a length 
of main ie = 260 feet ventre to centre of 
anchor piers. Thetotal length of main br.dge and 
approac ppane included in tender is 3810 feet ; also 
an ALTERNATIVE TENUBR for the CONSTROC- 
ON oar THE SUPERSTRUCTU 


SYUNBY HARBOUR FROM DAWHS POINT TO 
MILSON’S POINT, embracing a main s 


feet in the clear centre to centre of bearings. ti 


The total length of main bridge and approach s 

included in tender is 3770 feet. Either bridge te te 

oe for four lines of railway, six lines of vehicu- 
traffic, and footway accommodation. 

Copies of Specification, including Plans, Technical 
Information, General Conditions, and Tender 
Forms, may be obtained by bona fide tenderers on 
application to the Onder Secretary for Public 

orks, Sydney, or to the Agent-General for New 
South Wales, Australia House, The Strand, London ; 
the Minister of Railways and Canals, Ottawa; The 
Australian Trade Commissioner in the United 
States, New York; or the Bureau of bey 7 and 
— Commerce, Washington, -D.C., United 

Tenders, the time for which has been extended, 
must reach the Under Secretary for Public Works 
Sydney, New South Wales, not later than 30th 

ovember, 1923. 





RB. T, BALL, A 
Minister for Public Works and Railways. 


ROYAL BURGH OF KIRKCALDY. 
ELECTRICITY WORKS, VICTORIA ROAD. * 
The Provost, Magistrates and Council invite 


[tenders for the following 
WORK :— 


SprciFicaTion No.16. HIGH & LOW 
TENSION FEEDER CABLES. 
SpeciricaTion No. 18, COOLING TOWER. 

A copy of either Specification and its Drawings 
can be seen at and obtained from the offices of 
Messrs. KENNEDY & DonkIN, 8, Broadway, West- 
minster, S.W.1, on and after Saturday, April 14th, 
1923, upon payment of a deposit of 2s. (cheque, 
postal or money order). An additional copy of 
either Specification can be obtained upon payment 
of a deposit of £1 1s. These deposits will be 
returned after the receipt of a bona fide Tender, 
and on the return of the Specification. 

Tenders on the prescribed Form, enclosed in 
sealed envelopes, and addressed on the outside :— 
‘“*Blectricity Supply. Tender to gesiicetion 
No. 16,” or “ Klectricity Supply, Tender to 
Specification No. 18," must be delivered at the 
office of the undersigned not later than Ten a.m. 
on Tuesday, May Ist, 1923. 

The Council do not bind themselves to accept 
the lowest or any Tender. 

W. L. MACINDOER, Esq. 

Town Clerk’s Office, 

aay 
April, 1923. A 150 





THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY, 


The Directors are prepared to receive 


[lenders for the Supply of 


the following STORES, seni 
‘ee for 


Specification. 
1.—Locomotive Boilers Seo oe £1. 
2.—Steel Work for Bridges ... o. 7s. 6d. 
3.—Carriage Door Handles, 

Hinges, etc. ... sos o. 78. 6d. 
4.—Miscellaneous Articles and 
Materials eve ove coe 108. 

Specifications and Forms of Tender may be 
obtained at this office on payment of the fee for the 
Specification, which payment will not be returned. 

The fee should accompany any application by 

t. Cheques and Postal Orders should be crossed 
and made payable to the Great Indian Peninsula 
Railway Company. 

Tenders must be delivered in separate envelopes, 
sealed and addressed to the undersigned, marked 
“Tender for Locomotive Boilers,” or as the case 
may be, not later than Eleven o'clock a.m. on 
Tuesday, the 24th April, 1923, 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

R. H. WALPOLE, 
Secretary. 
Demaeay> Offices, 
48, Copthall Aa B.C, 2. 


ndon, 
11th April, 1923. A 189 








APPOINTMENTS OPEN. 





COLLOIDAL CHEMIST. 

Proposals are under consideration to establish at 
a Science Institute, located in a healthy part of 
India, a department of Colloidal Chemistry, 


A Pblications are Invited from 

well qualified, young. and _ enthusiastic 
Physical Chemists for the POSITION of ASSIST- 
ANT PROFESSOR to undertake the general duties 
of that office, and to give particular attention to 
research work in colloidal chemistry. The remun- 
eration offered wlil probably be about £700 per 
annum, with a house or house allowance and passage 
money. Applicants are requested to describe their 
training and subsequent experience frankly and 
fully, and to send copies of aay testimouials they 
may hold. Atl applications will be treated in con- 
fidence,—Address, A 159, Offices of ENGINEERING. 


Gecretar (Male, full time 


REQUIRED by the LEICESTER DISTRI 
ENGINBERING TRADES EMPLOYERS’ ASSO- 
CIATION, qualifications, age (not under 30) and 
salary to be stated.—Applications to be sent to 39, 
London Road, Leicester. A133 








: : eneral Manager Wanted for 
small Engineering Works, South Coast. Good 
salary given to energetic person who can introduce 
manufacturing speciality and business. 
nvestment £2000-£3000.—Z.X. 397, care DEacon’s, 
Leadenhall Street, E.C, A164 





xecutive Engineer 

REQUIRED by the GOVERN- 

M OF THE GOLD COAST for the 

PUBLIC WORKS DEPARTMENT for two tours of 

not less than twelve nor more than eighteen 
months with possible extension, Salary £4 

'20-£40-£920 a year. Outfit allowance of £60 on 

intment. Free quarters and passages. 
eave in England on full salary. 

Candidates, age to 35, preferably single, must 
have had practical and general experience as Civil 
Engineers on the construction of roads, buildings 
and other public works. Must have a good know- 
— of reinforced concrete buildings, also of quan- 

es 


first a 
Libera 


Apply at once by letter, statin, e and experi- 
ence) 10 THE CROWN AGENTS FOR THE 
COLONIBS, 4, Millbank, London, S8.W. 1, — 

Al 


M/G.C.11881. 
w Office, 


EXPERIENCED REP. NTATIVE with 
connection amongst Engineers, Steel Works, 
hipbuilders, etc., would also have to canvass other 
business centres in Scotland —Write first in 
strict confidence giving full ; articulars of ence, 
age and ealary required to Z.B. 447, c/o Deacons, 
Leadenhall Street, London, H.0, Al 





Required, for Glas, 





W anted, a Drayghtaman 

with experience in the of Semi. 
Diesel Oil Engines.—Address, stating age, experi- 
ence and salary required, A 188, Offices of Bnenr. 





to 
84 catabitebed” Firm. — Address, A 


udan Government Railways 
UIRE the SERVICES of a DISTRICT 
LOCOMOTIVE SUPERINTENDENT, of good educa- 
tion, trained in locomotive works or on British 
railway, having A.M.1.C.B. degree or equivalent, 
Age 27-32. Commencing salary £8.480 per annum. 
P ive post if r ed after first contract.— 
Agty > letter to CONSULTING MECH, 
ENGINE R, Sudan Government Railways and 
Steamers, 5, ‘Northumberland Avenue, W.C. * a 


rst-class Draughtsman 


i 
F REQUIRED, thoroughly experienced in ell 
t of ne design. 


toate caaien tot Te cciculeen tah ik 
, stating fu cu an ary. 
- YiOSRPH BO & BROS., Lrp., ae 


Rodley, Leeds 
Draughtsman Required 
Immediately for London. Must be experi- 
enced in detailed design and lay-out of Pressure 
Systems of Oil Burning. State, age, experience and 
salary expected.—A 182, Offices of ENGINEERING. _ 
[)taughtsman. — Control of 
Office, Small Staff. Experienced in 
Chemical, Brewery and Refrigerating Plant, 
Progressive tion to capable man.—Address, 
A 172, Offices of ENGINEERING. 


M echanical Draughtsman, 

experienced and thoroughly reliable, cap- 
able of taking all his own measurements without 
supervision or checking, REQUIRED.—Address, 
stating experience, age and salary required, A 136, 


Offices of ENGINEERING. 
by 


anted, Immediately, 
Leading Firm of Boiler Manufacturers 
(Midlands), a DEAUGHTSMAN thoroughly experi- 
enced in designs of Vertical and Loco type Boilers. 
—Address, giving full particulars of career and 
copies of testimonials; state salary required, and 
when at liberty.—A 134, Offices of ENGINEEBING. 


Wanted, for Occasional Work 

in Birmingham, DRAUGHTSMAN ; must 
be capable of desi, ~ and estimating for erection 
of gas and coal fired furnaces.—Address, in confi- 
dence, with particulars, A153, Offices of ENGINEERING. 


raughtsman, Experienced, 
REQUIRED for A.C. and D.C, machines. 
Also SECTION LEADER for Rotary Converters. 


Appl ving full experience and salary expected 
to CENBRat ELECTRIC Co.,, Lrp., Witton 
Birmingham, Al 


A Required Immediately, 


(4) INSTRUMENT DRAUGHTS. 
MEN with experience in highest class 
camera work and good wor 
training; (8) SENIOR DRAU 


kshop and_ technical 
HTSMEN with 
at least six years’ experience in telephone, tele- 
h, or wireless work ; (Cc) JUNIOR DRAUGHT! 
fr with not less than three years’ drawing office 
experience in telephone, telegraph, or wireless work, 
Preference will be given to ex-Service men. Write, 
giving full particulars of age, training, experience, 
and a required, to SECRETARY (8.2), AIR 
MINISTRY, Adastral House, Kingsway, beta 
A Large Industrial Company 
in Cheshire REQUIRE the SERVICE of a 
HEAD DRAUGHTSMAN, age 30-35, to take charge 
of Mechanical Engineering Drawing Office under 
Chief. Applicants must possess a sound mechanical 
training with practical works experience and be 
accustomed to modern drawing office methods of 
preparing plans for new and alteration work. He 
must be able to prepare specifications and estimates, 
and generally run his office on modern and efficient 
lines. A first-class knowledge of power transmis- 
sion, pipe layouts, conveyor and elevator work, and 
rs apg costs, is essential. Replies must state 
fully age, where trained and since employed, kind 
of work engaged upon, and salary required.— 
Address, A 155, Offices of ENGINEERING, 


raughtsman (Junior) 
EQUIRED, Light Steel Work, London 
district.—Address, A 195, Offices of ENGINEERING, 
































'§- | POSITION eral ng 


teel. Works Manager, with 
large experience of manufacture of all clasgeg = 
of Bo and axles and other railway material, ot 
D ES NEW APPOINTMENT as Manager op ~ 
Works ce 3 of Si BE gpmpce saat articles; 4 
or would act in ca © repo : 
esent methods and make Gecosumendstionae ; 
ddréss, A 196, Offices of ENGINEERING. ef 


ngineer, M.I.Mech.E.. now 

representing well-known Firm in the london _ 

area, Desires similar, or other suitable Post; 39 — 
— practical and commercial experience, inciuq- 

ng 16 years’ works and general managenient,— — 

Address, J., 29, Westbourne Gardens, W.2, A 199 | 


; ° ° 
Hxperienced Mechanical] 

Engineer, 38, A.M,I.M.E., highest references, 
Seeks Supervisory Appointment, Home or Ab : 
held responsible positions in well-known Firms ; ning 7 
years’ shops, seven years’ drawing office, six years’ 
management.—Address, HOWARD, 90, Victorig 
St., S.W.1. A 1% 


ingineer (32), at present 
outside manager im) nt . Continental | 
Ship Repaisiog Firm, SEEKS CHANG. fluent 
technical French; estimating, supervising costs, ” 
good organiser and disciplinarian. Consider any 
offer home or abroad where good general engineering — 
and business experience would be useful. First-class 7 
references,—Address, A 132, Offices of ENGINE FRING, 


ngineer, Commercial Me- 
chanical, exceptional experience Railway © 
Material, Power Plant machinery design, New 
Factory organisation, equipment buying, adminis- 
tration,successful controller men,35,A.M.1.Mech.,, - 
apeens French, Offers loyal Services any capacity, 
disengaged. Would wel invitati for™ 
details.—H.H.F. 91; Radbourne Rd., Lond 
5.W. 12.° A 1a § 


° ° 7 ° 
Civil Engineer, MSc., 

A.M.1.C.E., -M.I.M.E., A.M.1.St.B,," 
Experienced in design and construction Ferro- 
concrete structural .Steelwork, masonry, ete., | 
General Engineering, DESIRES NEW APPOINT.” 
MENT. ighest references.—Address, A 160, | 
Offices of ENGINEERING. 


Fagineer, ex Naval Engineer 

‘4 Officer, with 14 years’ experience as Engineer 

and Superintendent in up-to-date Engineering | 
Works, SEEKS RE-ENGAGEMENT at home of | 
abroad. Kxperience qualifies for post as Represen- 
tative, General Manager, or Assistant to Director.— 

Address, A 163, Offices of ENGINEERING. 


(iL, Fuel, Installations. a 


Marine and Mechanical Engineer, experienced 
Marine Surveying and Combustion of- Oil: Fuel, ” 
certificated Engineering and allied Sciences, French 
and Spanish Languages, DESIRES Responsible | 

arine Work, Oil Fuel Installa- 
neering, in Gt. Britain, France | 
or Spain.—Address, A 200, Offices of ENGINEERING, 


A Wertiser Seeks Appoint-' 


MENT where experience of light construc- 
tional work, Overhead Runways, estimating, etc. 
would be an advantage, also used to following up 
enquiries, interviewing customers, measuring up, 7 
etc. Patentee of Flexible and Portable Ground 
Runway.—Address, A 181, Offices of ENGINEERING. 


W anted, by Well - known 
Internal Combustion Engine Manufac- 
turers, COMPETENT and EXPERIENCED DE. 
SIGNER of High Compression Solid Injection Cold 
Starting Heavy Oil Engine. Only applicants with 

the highest qualifications should apply.—Addr 
giving full particulars of career to date and sta 
approximate salary required, A 179, Offices of | 
ENGINEERING. 


P72ughtsman (30), first-rate | 
training, shop experience, general mechani ~ 
cal. Speciality all descriptions electric hoisting and 
hauling machinery. ound designs, estimates, 
details, calculations. Excellent refs.— Address, © 
A 178, Offices of ENGINEERING. 


























tions or General En: 














D raughtsmen Wanted, 
Thorney ——— in the. design of :— 

(a) Steel Bridges and General Construction Work. 
(8) Steel Caissons and Gates for Dock Entrances. 
Applications, stating age, salary required, and 
full particulars of training and experience and 
when at liberty, to be addressed to the. CHIEF 
eee reat Western Railway, Tudiingte., 
+2. 197 





ngineer Foreman Wanted 
for machine shop in West of Scotland. 
ENERGETIC MAN, experienced in best up-to- 
date methods of handling heavy castings, forgings 
and general work and accustomed to shop 
control. 
Address, with references, stating 
rience, and wages expected, A 157, 
ENGINEERING, 


e, expe- 
flices of 


M echanical Designer.— 
Mechanical Engineer, with wide and sue © 
cessful experience in desi; of Steam Plant, 
Vacuum oan Apparatus, Filters, Su; 
Factories, Chemical Processes and special machin- — 
~ Keen on commercial aspects of design, ~ 
Difficult problems undertaken. Temporary oF 
otherwise.—Address, A 114, Offices of ENGINEERING. — 


Pest Wanted as Draughtsman; | 


preferably in Shipbuilding firm. Three 
years’ practical experience as Ship draughtsman, 
and B.Sc, Engineering degree.—Address, A 193, 
Offices of ENGINEERING. - 


AMICE 0 


r 
Building Contractor, home or abroad.—A 
A 194, Offices of ENGINEERING. 








, Desires: 


ivil Engineering oF 
gi ; oe 4 





SITUATIONS WANTED. 





ecretary-Accountant Desires 

ENGAGEMENT, any oem - Practical 
experience of Engineers’ and Machinists’ Costin 
and Stores nisation. Thoroughly capable 
installing complete system. Practical worksho 
experience, accustomed to working drawings. W1 

position Home or Abroad.—Address, A 140, 
Offices of ENGINEERING, 


Steel Foundry Manager and 
ENGINKER. — Practical and Commercial. 
Ten in complete control of Foundries produc- 
ing Steel Castings, both heavy and intricate, by the 
Siemens,: Converter and Electric process. to- 
date methods in Machine Moulding for Railway 
paris. and other Repetition Work, The advertiser 
now willin, regotiate similar position with well- 
166, Offices of 





ENGINEERING. 


Eagineer(27), 1st Class B.O.T. 
Certificate, excellent technical training, Stud, 

I.Mech.E., good draughtsman, experienced, 

all types Desires Appointment of responsi- 








bility.—. anand A185, Offices of EnemvzERine. 





oung Man, Six Certificates, | 
Mech.C.P.8.E., with training in surveying 2 
SEEKS OPENING in Engineering Offices, wi 
x go mene of advancing.—Address, A 192, Offices 
of ENGINEERING. 


Pprpil having finished 3 





years 
time at Messrs. Thornycrofts Ltd., ~ 
stoke, REQUIRES any POST Abroad.—Write, BO. 
8629, Hyams Adve: Agency, 10, Essex Street, © 
Strand, London, W.C. 2. ___A 188 
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THE POST OFFICE ENGINEERING 
RESEARCH STATION. 


ALTHOUGH the value of research work in elucidating 
industrial problems has been realised for many 
years by some of the larger and more enlightened 
private firms and Government departments in this 
country, its use cannot be said to have been wide- 
spread until comparatively recently. During the 
course of the war, extensive research work was 
necessary in connection with the manufacture on 
a large scale of numerous uncommon products 
required for military and naval purposes, and the 
assistance obtained in this direction was sufficiently 
effective to convince the Government and the 
public that research work would be a valuable aid 
to the recovery and development of industry after 
the conclusion of the war. Since then, research 
organisations, receiving State assistance through 
the Department of Scientific and Industrial Re- 
search, have been instituted in many industries, 
and the results of some of the work carried on have 
been given in our columns from time to time. There 
ean be little doubt that, in the aggregate, the work 
of these organisations will have a beneficial influence 
on the industrial future of the country. It must be 
remembered, however, that much depends upon 
the selection of suitable men for carrying out the 
work, but more especially for taking charge of it. 
Mere expenditure on buildings and apparatus will 
not of itself produce useful results or compensate 
for lack of insight in those responsible for the work. 
At the same time, lack of adequate laboratory 
facilities may greatly impede progress, so that con- 
siderable judgment and experience is necessary to 
meet all requirements. 

For many years the value of research has been 
thoroughly appreciated by the Engineering Depart- 
ment of the Post Office, its particular importance, 
of course, arising from the magnitude of the opera- 
tions conducted by that body. For instance, we 
are informed that between the introduction of the 
sixpenny telegram rate in 1885 and the inauguration 
of the special research section in 1907 improvements 
in telegraph apparatus arising from only a dozen 
of the numerous items of experimental work initiated 
by officers of the Engineering Department, effected 
an economy in capital expenditure of over 1,250,0001., 
together with an annual saving exceeding 300,000/. 

From the time that the experimental section 
was organised until 1921, the growth of the work 
was provided for by utilising such space as could 
be spared in the main buildings of the General Post 
Office and other Post Office premises in London, 
but the work was restricted, on account of accom- 
modation difficulties, to the more urgent questions 
arising directly from the development of telegraph 
and telephone communication systems and appara- 
tus. The bulk of the experimental work necessitated, 
on the part of the staff, an intimate knowledge of 
systems and methods of operation, but occasions 
arose when experiments were needed which could 
be carried out without such knowledge. In these 
cases the assistance of outside laboratories, such as 
the National Physical Laboratory, was frequently 
utilised, and a great deal of scientific information 
from other technological laboratories, in this and 
other countries, has been made full use of. 

Early in 1914, the necessity for increasing the 
accommodation for carrying on research and 
enabling the Research Section to extend the scope 
of its work became acute, since the Post Office had 
then acquired the extensive plant of the National 
Telephone Company, and had also decided greatly 
to extend the telephone trunk system of the country. 
These circumstances involved an increase of research, 
experimental and design work in connection with 
the construction of underground cables, exchanges 
and subsidiary apparatus, The laboratory accom- 
modation at that time, however, was greatly con- 
gested, and it was found impossible to utilise a 
larger scientific staff until more accommodation 
had been provided. Authority having been obtained, 
the purchase of a new site was decided upon, and 
plans were prepared for a new Research Station, 
but the intervention of the Great War prevented the 
scheme from being proceeded with. On the con- 
clusion of the war, negotiations for the site already 
chosen were renewed, but the whole scheme of 
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building had to be reconsidered in view of the 
financial stringency, and it was decided that the 
accommodation then urgently required could be 
most expeditiously and economically obtained by 
utilising some of the temporary timber building 
material which had become available in large 
quantities. From this material the new Post Office 
Engineering Research Station at Dollis Hill, London, 
N.W.2, which, by the courtesy of Major T. F. Purves, 
Engineer-in-Chief to the Post Office, we are now able 
to describe, has been constructed. The staff was 
transferred to the new laboratories from various 
buildings in Central London, and work was com- 
menced there in October, 1921. It should here be 
explained that the present buildings, although 
providing useful and substantial accommodation 
for the meantime, are of a temporary character, 
having been used on account of the excessive cost 
of ordinary building construction. When the latter 
reaches a more reasonable level, a permanent 
structure will be erected on the same site and in 
accordance with the original plans. 

The site, which has an area of about 8 acres and 
an elevation of some 250 ft. above datum, is situated 
on a high ridge of land running from the main 
Edgware-road towards Neasden, its actual location 
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A. Administrative hut. B. Motor generators, power 
battery and garage, switchboards, high-tension testing, 
instrument and woodworking shops. C. Chemical 
laboratory. D1. Primary batteries and D? photo pro- 
cess. EK. Cable-testing. F. General Store. G. Metal- 
lurgical laboratory. H1. Glass-blowing and H? Ex- 
hausting. J1, Metallography and J2 secondary batteries. 
K. Telegraphs and telephones. L. Automatic tele- 
phones. M. Local, telephones. N. Local telephones 
transmission. O. Educational. P. Inflammable stores. 
Q. Motors, generators and compressors. R. Canteen. 
8. Gas-holder. 


being a few hundred yards south of the Brent 
Reservoir. It is approached by a short private road 
leading from Dollis Hill-lane, opposite the northern 
entrance to Gladstone Park, and is accessible from 
Cricklewood, Dollis Hill and Neasden stations. The 
site was chosen on account of its immunity from 
noises and vibration, and its comparative freedom 
from such electrical disturbances as might interfere 
with telephonic research work. The general arrange- 
ment of the accommodation is shown in the key 
plan, Fig. 1, and the table of references accompany- 
ing this plan indicates the character of the work 
carried on in the different buildings. It will be 
seen that the accommodation includes a row of 
offices for the scientific and clerical staff, a group of 
twelve detached laboratories, a large block of build- 
ings subdivided into workshops, electrical sub- 
stations, garage, &c., and another smaller block 
containing the caretaker’s dwelling, heating appara- 
tus and canteen. Near the entrance, as shown in 
the right-hand bottom corner of Fig. 1, is a brick- 
built lodge, under which is a large water storage 
tank for fire-extinguishing purposes. The building 
contains an electrically-driven centrifugal pump, 
which supplies the fire hydrants, and can be started 
up automatically from any part of the station. The 
offices, which extend in a row from the entrance 
lodge, consist of Army hutments constructed of 
timber, communication between them being pro- 
vided for by means of a corridor extending along 
the whole length of the block. 

The block of buildings opposite the offices includes 





a garage and fitters’ shop, in which the repairs 
required by a fleet of motor testing vans, used in 
connection with the construction and maintenance 
of underground trunk telephone cables, are carried 
out, as well as the maintenance of the equipment of 
the station itself. Adjoining this is a cabinet- 
makers’ shop for the construction of instrument 
boxes, &c., and farther to the left is situated an 
instrument-making shop used for the construction 
and maintenance of experimental instruments and 
equipment. A view of the interior of this shop is given 
in Fig. 2 on Plate XXVIII, and in the foreground 
will be seen a surface grinder fitted with a rect- - 
angular magnetic chuck. One of the uses for this 
machine is the finishing of the thin steel discs re- 
quired for special telephone receivers. The same 
block of buildings houses the power plant, which 
includes a sub-station for transforming the three- 
phase power supplied by the Willesden Urban 
District Council into low-tension alternating current 
for general station requirements. Motor generators 
are installed for supplying direct current for 
battery charging and operating arc lamps, the 
battery supplying current at different voltages 
to the various laboratories. The battery consists 
of two sets, giving positive and negative pres- 
sures up to 250 volts, but the switching arrange- 
ments provided enable the cells, which are of 500 
ampere-hours capacity, to be connected in series 
with one or two motor generators giving 250 volts 
each, so that it is possible to obtain a heavy direct 
current at any voltage up to 1,000. 

In Fig. 3, Plate XXVIII, is given a view of the in- 
terior of the chemical laboratory, which is housed in 
a separate building near the power plant (see Fig. 1). 
The work carried on in this laboratory is of a general 
character, any chemical or electro-chemical problems 
arising in connection with the work in the other 
laboratories being investigated here; the analysis 
of materials for primary batteries, of alloys for 
electrical contacts, and investigations of the chemical 
properties and methods of testing insulating materials 
are examples of routine work. Much of the chemical 
work, however, has reference to corrosion problems 
arising out of cases of damage to cables caused by 
electrolysis or chemical action, the determination 
of the cause of the corrosion being of obvious import- 
ance in establishing responsibility for the damage. 

Half of one of the separate laboratory buildings 
has been set aside for primary battery investigations, 
but is not yet available for the work which is, at 
present, carried out in another building, together 
with the work on secondary batteries. The primary 
battery investigations consist mainly of the examina- 
tion of new types and of modifications of existing 
types to determine their life and general efficiency. 
It may be mentioned, in this connection, that before 
a manufacturer of primary batteries is placed upon 
the Post Office list of approved contractors, a 
thorough examination of samples submitted is 
made to ascertain if these are up to the very high 
standard required by the Post Office specification. 
To reach this standard, great care and experience 
in manufacture is essential and the best possible 
materials must be employed. The other half of 
the building housing the primary battery laboratory 
is used for photography and photo-printing work, 
mainly in connection with the reproduction of 
diagrams, &c., for illustrating the reports issued 
by the station. The secondary battery laboratory 
and the metallographical laboratory each occupy 
half of one of the adjoining buildings, as shown in 
the key plan, Fig. 1. The former is provided with a 
direct-current power supply at several voltages 
and arranged so that charging current at high or 
low rates can be readily obtained. A battery of 
22 cells of 100 ampere-hours capacity is installed 
to enable constant current discharges to be taken 
for various purposes with the minimum of adjust- 
ment. A precision potentiometer is provided for 
the accurate measurement of electromotive force 
and for the calibration of the measuring instruments 
used in this laboratory. 

The Post Office Engineering Department is, of 
course, a very extensive user of metals, large quan- 
tities of copper and lead being employed for cables, 
while iron is used for sheathing submarine cables 
and steel for the various fittings required in con- 
structional work. Problems, of course, frequently 
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arise in connection with these materials, for the 
solution of which the use of the microscope is essen- 
tial. The laboratory has, therefore, besn equipped 
with a Leitz metallurgical microscope and the neces- 
sary accessory apparatus for grinding and polishing 
specimens, as well as with Greenhaugh stereoscopic 
microscopes for examining fractures. Another 
noteworthy piece of optical apparatus is a Nutting 
colorimeter, which can be utilised for measuring 
and recording the colour of fabrics or pigments 
used in paints, and determining the degree of 
fading resulting from exposure to light. As an 
example of the class of metallographical work carried 
out in this laboratory, we may mention that an 
investigation has recently been made of the causes 
of longitudinal splitting of the lead covering of 
cables, and that experimental alloys for electrical 
contacts are continually being tested with the object 
of obtaining a satisfactory substitute for- platinum. 
Such alloys, as well as most of the small castings 
required for the production of special apparatus, 
are made in a separate metallurgical laboratory, 
which occupies the whole of one of the buildings, as 
shown in thé plan. This laboratory is not yet 
fully equipped, but the gas and air-pressure services 
provided will be sufficient for the supply of the whole 
of the melting and annealing furnaces which will 
ultimately be installed. A very complete pyro- 
metric installation is contemplated for use in con- 
nection with the heat treatment of metals, and a wire- 
drawing machine suitable for the production of 
wire down to the finest gauges is already in position. 
Tests of the strength of engineering materials and 
of alloys produced in the laboratory will also be 
carried out in this building, part of which has been 
reserved for this work. 

Mention should be made of the cable-testing 
laboratory, which occupies one of the separate 
buildings. The work carried on here consists of 
investigations relating to the design of underground 
and submarine cables, but the equipment calls for 
no particular comment. The floor is of concrete 
on account of the weight of the cable drums which 
have to be handled on it, and there is a trough, which 
can be filled with water and emptied as required, 
extending for practically the whole length of the 
building, used for measuring the electrical constants 
of short lengths of submarine cables ; a small testing 
room is partitioned off at one end of the building 
for testing the apparatus used for the work. Fig. 4, 
on Plate XXVIII, shows the interior of the labora- 
tory used primarily for the development and testing 
of telegraph apparatus and systems. In addition 
to the usual equipment of an electrical testing labo- 
ratory, special appliances, such as oscillographs, are 
provided, as well as precision instruments for the 
measurement of capacity, inductance and resistance 
at low, medium and high frequencies ; a dark room 
is provided for the development of photographic 
records. The work carried on in this laboratory 
covers such varied subjects for research as electrical 
filters, time constants of loading coils, electrical 
transmission phenomena, electro-magnetic and 
electro-static induction in cables, and the design 
and development of high-speed and printing tele- 

h apparatus. 
in Gifciniang building has been set aside for the 
accommodation of automatic telephone exchange 
units and supplementary apparatus, but the equip- 
ment is not yet complete and experimental work on 
automatic telephones is, at present, being carried out 
in some of the other laboratories. This work involves 
the investigation of difficulties encountered either in 
the circuit arrangements.of such apparatus or of 
instrumental defecis developed in the auto- 
matic exchanges installed in various parts of the 
country. Probably the most interesting and im- 
portant work carried out at the station, however, is 
that in connection with the improvement of local 
telephone systems and apparatus. Two buildings, 
interior views of which are reproduced in Figs. 5 to 9, 
on Plates XXVIII and XXIX, are used exclusively 
for this class of work. The problems that arise in 
connection with the design and maintenance of sub- 
scribers’ lines and station apparatus, including 
manual exchange plant, are investigated by quanti- 
tative measurements made in the laboratory shown 
in Figs. 5 and 6. In the former, one of the four small 
silence cabins, in which the apparatus is specially 


protected from vibration and as far as possible from 
extraneous noises, can be seen on the left. In the 
background of the same figure, on the left of the 
door, is shown the apparatus used for the compara- 
tive tests of metals for relay contacts. Owing to the 
immense number of such relays used in a large 
exchange, it will be obvious that the replacement of 
platinum contacts by contacts of some inexpensive 
alloy would result in a very material saving; very 
promising results, we understand, have already been 
obtained in this direction, although the investiga- 
tions are by no means completed. In the apparatus 
referred to, the contacts are operated under appro- 
priate working loads for some millions of times, and 
the circuits are so arranged that an increase in the 
contact resistance of 2 ohms or upwards is indicated 
immediately by automatic means. This laboratory 
is equipped with two oscillographs, with which 
wave forms at frequencies up to about 3,000 cycles 
per second can be investigated. These instruments 
are shown in the foreground in Fig. 6. In the 
background of this figure can be seen a series of 
artificial aerial lines the constants of which can be 
varied so that transmission measurements can be 
made under stable conditions on the equivalent of 
long lengths of actual line. The apparatus illus- 
trated in Fig. 7 is installed in a silence room in this 
laboratory, and is used for measuring effective 
resistance and inductance at telephone frequencies. 
Included among the apparatus provided are 
accurately calibrated inductometers, non-reactive 
rheostats and ratio arms, low-power factor con- 
densers and several types of galvanometers. 

In the second local telephone laboratory, the 
interior of which is illustrated in Fig. 8, research 
work involving precision transmission measurements 
by methods requiring actual speech is carried out. 
This includes the testing of new types of apparatus 
from the standpoint of speaking efficiency as well 
as the standardisation and maintenance of telephonic 
speech-transmission standards. These standards, we 
should explain, are specially selected microphones, 
receivers, induction coils, transformers and lines 
which can be made up into circuits and used for 
testing the efficiency of other apparatus by direct 
comparison, using speech. The British primary and 
secondary standards are stored in a separate fire- 
proof chamber situated close to the laboratory and 
provided with an electrical heater controlled by a 
thermostat, so as to maintain a uniform tempera- 
ture. Standards are now maintained at the Station 
for the Colonial Administrations as well as for Great 
Britain, and comparisons are also made from time 
to time with the standards of the French telephone 
authorities. In connection with these standards it 
may be interesting to mention that the phenomenon 
known as “ drift” is now under investigation. By 
drift is meant the progressive slight increase or 
decrease in efficiency which occurs simultaneously 
in a number of standards, the change being so 
uniform that comparative tests between the stan- 
dards themselves would give no indication of it. 
For the detection of drift, means for producing at 
any time a sound of standard volume and pitch are 
required, and for this purpose a special form of 
syren which produces a definite volume of sound by 
rotation alone, without the need for a compressed 
air supply, is being examined. 

In Fig. 9 is shown the apparatus installed in this 
laboratory for carrying out life tests of microphones, 
or transmitters, as they are usually called. The 
cylindrical vessel on the right of this illustration 
is a steel container, on the inner walls of which 
100 transmitters of various makes can be arranged 
with their mouthpieces pointing radially inwards. 
Connections from each transmitter are brought to 
jacks mounted on the back of the desk shown on 
the left of the illustration, and, by inserting plugs in 
these jacks, measurements can be made on any 
of the transmitters or any two of them can be 
compared. The air pressure, temperature and 
humidity in the chamber can be altered at will 
to represent the conditions under which the par- 
ticular transmitters will be employed. Those 
under an age test are subjected continuously to 
what is known as an “intermittent voice” as 
well as to a shaking process, repeated at frequent 
intervals, intended to represent the effect of handling 





the instruments in ordinary service. The inter- 


mittent voice, it should be explained, is produced 
by a telephone receiver mounted in the centre of the 
chamber, and specially designed to avoid the reson- 
ance which, in ordinary receivers, occurs at one 
particular frequency. Current is supplied to this 
receiver through a commutator rotated at a constant 
speed by an electric motor, but having the segments 
spaced at gradually decreasing intervals around its 
periphery. The spacing of the segments is so 
arranged, in conjunction with the speed of the motor, 
that the current interruptions in the receiver circuit 
cause the receiver to emit a sound, the pitch of which 
rapidly changes over the whole range of speech 
frequencies, but, owing to the special characteristics 
of the receiver, the volume of sound is uniform 
throughout the range. Two of the commutators 
for the production of the intermittent voice can be 
seen on the floor in the foreground of Fig. 8. 

The only other branch of the work at the station 
to which special reference need be made is the 
experimental manufacture of thermionic valves for 
use in connection with telephone repeaters, which 
are now being installed, in large numbers, on trunk 
cables throughout the country. The characteristics 
and output of these valves, which are produced, in 
a separate building, shown in the upper part of 
Fig. 1, differ considerably from those of the valves 
employed for the reception of radio-telephony. For 
instance, the straight part of the characteristic 
curve must be as long as possible to avoid distortion 
when a number of repeaters are used on the same 
circuit. The current handled in a telephone repeater 
valve, is also comparatively large, and the valve in 
consequence, must be designed for a greater total 
electronic emission than is necessary in a valve for 
radio-telephonic reception. Furthermore, the im- 











pedance of the valves must be adjusted to that of 
the associated apparatus in order to obtain the best 
results; other important considerations, in view 
of the large number of valves employed at a repeater 
statidn, are low current consumption, long life and 
interchangeability without the necessity for indi- 
vidual adjustments. In addition to the ordinary 
bench equipment for glass blowing, the laboratory 
includes a semi-automatic sealing-in machine and a 
small electric welding machine for building up the 
metallic parts of valves, such as plates, grids and 
supports. The exhausting plant is installed in a 
separate part of the same building and includes 
Langmuir mercury-vapour pumps. Preliminary tests 
of the completed valves are carried out in this labora- 
tory, but they are subsequently transferred to the 
special telephone repeater laboratories situated in 
the Post Office premises at Marshalsea-road, South- 
wark, where facilities are available for testing the 
valves on the various trunk cables passing through 
that district. It was found necessary to continue 
to carry out the bulk of the practical experimental 
work on telephone repeaters at Marshalsea-road 
owing to the absence of trunk cable connections at 
the Dollis Hill Station. 

To the left of the glass-blowing laboratory is a 
building containing a small liquid-air plant, the 
output from which is required mainly for use in the 
traps connecting the valves under exhaustion with 
the Langmuir pumps. The liquid air serves to 
condense the mercury vapour and prevent it from 
diffusing into the valves. In the same building 
is installed a Duddell alternator, which is direct- 
coupled to a continuous-current motor and used 
for supplying current of a nearly perfect sine-wave 
form at frequencies up to 2,000 cycles per second, 
the current being used for precision measurements 
on telephone cables and other apparatus. A genera- 
tor for supplying the various telephone laboratories 
with ringing current and the usual exchange signals 
is also located in this building, as well as the air and 
gas compressors serving the gas-fired furnaces in the 
metallurgical laboratory and the blowpipes and other 
apparatus in the glass-blowing laboratory. The 
remaining accommodation comprises a canteen for 
the staff, stores buildings, and a separate building 
intended to be used for giving to Post Office engi- 
neers from different parts of the country educational 
courses relating to the new methods of laying and 
maintaining trunk cables. 

In conclusion, we may give some idea of the ex- 
pansion that has recently taken place in the research 
work of the Post Office by mentioning that in the 
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year ended March 31, 1921, the number of special 
investigations completed and reported on amounted 
to 397, whereas, in the following year, the corre- 
sponding figure was 670, excluding special cable 
testing. Of this number, 179 related to telegraph 
apparatus and accessories, 63 to telephone trunk 
equipment, 104 to telephone exchange and junc- 
tion equipment and 324 to miscellaneous subjects. 
In addition to this work, the scientific staff tested 
and approved for telephone trunk service 448 sec- 
tions of loaded cables, aggregating 560 miles in 
length and 55 groups of such sections aggregating 
206 miles in Jength. This work involved rather 
more than 473,500 precision tests on an aggregate 
of 20,000 miles of underground cable conductors 
during the course of installation. The staff were 
also responsible for making 2,704 tests on impor- 
tant working cables for the purpose of detecting 
and localising exceptionally difficult incipient 
faults before these faults developed sufficiently to 
interfere with traffic. In due course some of this 
work will be delegated to the local engineering 
staffs of the various districts as a result of the 
special technical training provided at the Dollis 
Hill Research Station and previously referred to. 
Finally, we wish to express our indebtedness to 
Mr. S. A. Pollock, who is in charge of the station, for 
supplying most of the information from which our 
article has been prepared, as well as for the facilities 
afforded our representative on the occasion of his 
visit. 








A COTTON CONVEYOR PATENT. 


So many applications for extensions of the term 
of a patent on the ground of loss due to hostilities 
having been favourably considered by the High 
Court, inventors will be well advised to bear in mind 
that it does not necessarily follow that an extension 
will be granted in all cases. A specific instance is 
that of a patent for an improvement in means for 
conveying cotton from a bale breaker or the like to 
the mixing rooms of a mill, the official result of 
the petition for extension having recently been 
published. 

According to the specification the cotton is drawn 
along the trunk or pipe conduit by an exhaust fan, 
and is distributed to the mixing rooms through 
casings having doors which can be opened or closed 
by pulling wires. When opened, the cotton passes 
under the door to a rotating perforated cage from 
which it is stripped by a roller and delivered to 
automatically operating counterweighted doors. 
When all the doors are closed the cotton is drawn 
through the whole length of the trunk to a per- 
forated plate and the air current, together with the 
feed of cotton is stopped until the accumulated 
cotton is removed by hand or otherwise through a 
suitable door. 

The application was made by the registered pro- 
prietors of the patent, the inventor himself being 
interested in that he was the largest shareholder in 
the applicant company. It appears that imme- 
diately after the grant of the patent the company 
commenced to manufacture apparatus and instal 
it in various mills, but owing to the fact that it was 
common practice for mills to be equipped with some 
plant serving the same purpose as the patented 
invention it was, difficult to induce mill-owners to 
change over to the new construction. It was said 
that a complete re-arrangement of the interior 
parts of the mill would be involved in some cases, the 
patented invention for the first time introducing 
pneumatic delivery of cotton to mixings. 

From the evidence it is inferred that in view of the 
above facts and other considerations it was necessary 
to introduce the patented apparatus at approxi- 
mately cost price, only an addition of 34 per cent. 
being made for the purpose of balancing the books 
so that no loss was incurred. During the war the 
applicants’ establishments became controlled and 
worked at munitions. They were de-controlled at 
the end of 1919 and apparently from that date 
onwards a large number of the patented apparatus 
were sold and a very high profit made. According 
to the applicant company the sales in 1919 and 
thereafter showed that following a few years of 
spade work in introducing the new invention they 
would have gone forward in yearly substantially 


increasing quantities, but for circumstances due to 
the war. 

The Comptroller-General objected to the applica- 
tion on the ground that the applicants must have 
made sufficient profit since the war to recoup 
themselves for such loss as they sustained by reason 
of the war, and in all probability the boom in the 
cotton trade had made their profits such that the 
war was in fact an advantage to them. The learned 
judge, reviewing the matter summed it up quite 
shortly, pointing out that although he is entitled 
to extend a patent if by reason of hostilities the 
patentee has suffered loss or damage, it is essential 
that anybody making an application should show 
affirmatively that he has suffered loss or damage. 
In the particular case under consideration he was 
by no means satisfied that loss due to the war had 
been proved, and, indeed in his judgment the 
abnormal post-war sales and profits were to a very 
large extent the results of the war and far more 
than wiped out any loss that the patentees pre- 
sumably sustained during the war by virtue of their 
being a controlled establishment. He therefore 
came to the conclusion that this was a case in which 
he ought not to grant an extension. 





THE NECHELLS POWER STATION OF 
THE BIRMINGHAM CORPORATION. 


By W. Nosie TWELVETREES, M.I.Mech.E., 
A.M J.E.E., M.Soc.C.E.(France). 


(Concluded from page 388. 


Switch-House Plant.—A plan and sections of the 
switchhouse are given in Figs. 92 to 94, on page 454. 
On the basement floor are the cable chamber, cable 
ducts, and the earthing resistance room, the cable 
tunnel passing transversely beneath the floor. The 
ground floor is occupied along the whole of one side 
by the reinforced concrete vanway previously 
mentioned, and the triangular projection on the 
opposite side includes the covered yard with turn- 
table and railway lines, the latter connected with a 
20-ton bogie track following the line of the wall 
facing the canal basin. The rectangular portion 
of this floor provides accommodation for the trans- 
formers, in cubicles, and the oil cooler and oil pump 
room, the other end of the floor being in direct com- 
munication with the engine-house and office build- 
ings. On the first floor are the switch and control 
rooms, the latter being accessible from the adjoining 
engine and office buildings. Fig. 95 is a schematic 
diagram of the switch gear and connections. The 
scope of the present installation is shown in full 
lines and that of the future equipment in dotted 
lines. 

Switch Gear.—The present installation of switch 
gear comprises the following main, station, and 
distribution boards :— 

(a) Seven-panel main board for 5,000 volts, 
three-phase, 25 cycles, controlling the generators, 
and trunk and group feeders. 

(6) Twelve-panel station board for 5,000 volts, 
three-phase, 25 cycles, controlling local feeder and 
motor generator circuits. 

(c) Two two-panel boards for 5,000 volts, three- 
phase, 25 cycles, controlling motor generators and 
lighting transformers. 

(d) Two-panel board for incoming feeders to 
existing gear for temporary use. 

(e) Two panels at 30,000 volts, three-phase, 
25 cycles, for isolating the trunk feeders on the high- 
tension side. 

(f) Eight-panel slate type distribution board at 
440 volts to 480 volts, direct-current for station 
auxiliaries. 

(g) Three-panel slate type distribution board, at 
400 volts, three-phase, 25 cycles, for station 
auxiliaries. 

The switch gear was supplied and erected by 
Messrs. A. Reyrolle and Co., Limited, of Hebburn- 
on-Tyne, and with the exception of the slate type 
distribution boards, supplied by Mr. Bertram 
Thomas. The high-tension gear is of the armour- 
clad type. 

The Main Switchboard (a), at present comprises 
the following seven panels, the gear being of the 





Reyrolle “ M ” type :— 





2 x 18,750 k.v.a, alternator panels. 

2 x 10,000 k.v.a. trunk feeder panels. 

2 x 10,000 k.v.a. up feeder panels. 

1 x 10,000 k.v.a. future trunk feeder panels, 

The fundamental object in the design of the gear 
was to attain a high degree of safety. All the con- 
ductors are metal clad, those for high-tension use 
being either immersed in oil or compound. All 
parts requiring inspection are readily accessible, an 
object which has been attained by the adoption of 
the draw-out method and a complete system of 
interlocking. The latter has been applied so as to 
render it impossible, without mechanical inter- 
ference, to obtain access to any conductor except 
when it has been made dead. Special attention has 
been directed to the elimination of careless operating, 
and the interlocks were introduced both to afford 
safety to life and to ensure the performance of 
operations in correct sequence. Each panel is 
built up as a compact three-phase unit with a 
separate metallic enclosure for the conductors on 
each phase. <A general view of the upper part of 
one of the switches is given in Fig. 96, on page 455, 
while the general arrangement of the switch is 
illustrated in Fig. 97. The central tank shown 
in Fig. 97, is one of three steel cylinders containing 
the main circuit-breaking parts. The tanks to the 
left and right are of rectangular shape, the former 
containing the incoming isolating switch, current 
and potential transformers, and the latter accom- 
modating isolating switches which are in pairs on 
each phase, in order to select the connection to one 
or other of the bus-bars. These bars are arranged 
in pairs; each bar being immersed in compound and 
completely surrounded by a metallic earthed cover- 
ing. A notable feature is that the sparking contacts 
are arranged sv that the arc produced on breaking 
circuit is substantially horizontal. The contacts 
are surrounded within the oil tank by a strong 
cylinder of insulating material, and above them is a 
deep unobstructed head of oil. In a vertical line 
with the break there is a bellmouth vent leading 
through a system of steel pipes, with non-return 
valves, to the atmosphere. The conductors sup- 
porting and forming the connections to the sparking 
contacts on each phase are ingeniously arranged to 
form a loop in the path of the current, the electro- 
magnetic forces thereby developed elongating the 
are and impelling it upwards. 

For the purpose of inspection, the removable 
portion consisting of a top plate carrying the 
solenoid, the switch-operating mechanism, and one 
set of isolating switch contacts, as well as all the 
movable parts of the main circuit breaker, can be 
quickly raised by the overhead crane in the switch 
room. The separation of the conductors on the 
fixed and removable portions, respectively, is made 
under oil, and a metal screen automatically covers 
the aperture left in the fixed portion. Thus, 
whether the removable portion be in or out, the 
dangerous conductors are always immersed and 
metal-clad. The insulators also are always immetsed 
so that in no case is dependence made upon the 
insulation of the air. 

The whole framework is of metal earthed and 
securely bolted, and a short circuit between phases 
on the gear is rendered impossible. There is a 
separate lever interlocking with a corresponding 
isolating switch and closing an earthing connection 
on to the main incoming conductors, thus making 
it possible to earth any feeder or generator cable 
in an effective manner. A further earthing device 
of interest consists of a bell crank engaging a notch 
with a lug on the inside of the isolating switch tanks, 
this device earthing the conductors automatically 
when a tank surrounding them is lowered. 

The interlocking of all parts eliminates the risk of 
errors in operation and the possibility of personal 
contact with livé conductors. The mechanical part 
of the interlocking gear is constructed on railway 
signal gear lines, ensuring reliability and efficient 
operation. The operating mechanism is_inter- 
locked as follows: (1) The isolating switches cannot 
be opened or closed unless the main oil switch is 
opened ; (2) the main oil switch can be operated 
whether the isolating switches are opened or closed, 
but not when the line is earthed. Conversely the 
line side cannot be earthed unless the oil switch is 
open; (3) the main oil switch cannot: be: closed 
when either of the isolating switch tanks is removed ; 
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(4) the main oil switch cannot be lifted from its tank 

unless the isolating switches are opened ; (5) the 
bus-bar ‘isolating switch tank cannot be removed 
unless the bus-bars connected to that isolator are 
dead. As an additional precaution, the action of 
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panels being electrical. A view of the bus-bar | units. 


bars are protected, 
page 455. 
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removing the tanks automatically earths all con- 
ductors inside the tanks ; (6) the line side isolating 
switch tank cannot be removed unless the line is 
earthed ; and the action of removing the tanks 


The main control board embodies several novel 
features, the most striking of which is the automatic 
diagram on each unit, mounted directly over the 
slate control panel, the bus-bars joining to form a 
continuous line. Each diagram has lines in colours 
on a white ground, discs on the diagrams repre- 


automatically earths ail conductors contained 
therein. Finally the interlocks between details on 


the same panel are mechanical, those between | senting the circuits operating the disc on the actual 
The discs on the diagrams are operated 
chambers clearly showing the way in which the | automatically and simultaneously with their counter- 
is given in Fig. 98, on| parts, respectively. The control panels are mounted 

‘oe sheet steel cubicles with enamelled slate fronts, 
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all wiring connections being enclosed within the 
cubicles, which are made reasonably dust-tight. 
The following types of automatic protection are 
included: Merz-Price generator current balance 
protection on the alternator panels ; Merz-Price 
transformer current balance protection on the trunk 
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feeder panels ; and overload protection with inverse 
time limit on the group feeder panels. 

Station Switchboard (b)—This twelve-panel 
board, with “‘ A2” type Reyrolle gear, is in two 
sections with a coupler switch between them and 
is supplied by the two group feeders from the main 
board, these circuits including reactance coils 
provided for the purpose of limiting the current in 


- 


Switchboard (e).—This two-panel switchboard, of 
Reyrolle “R1” type, has been installed for 
isolating the 30,000-volt lines at the power station 
end. Each panel contains the high-tension portion 
of the Merz-Price balance protection transformers, 
and also a set of current transformers for protecting 
the 30,000-volt feeder line, on the Merz-Price 
balance system. Both sets of gear on each panel are 























end, the direct-current end being shunt wound and 
capable of providing its output at 440 volts to 
480 volts. Oil-immersed non-automatic type rotor 
starters are provided for the alternating-current end, 
and shunt regulators and field discharges for the 
direct-current end. 

Power Transformers.—The station also contains 
two banks of transformers which step-up the 5,000- 
volt bus-bar voltage to 30,000 volts for transmission 
to Summer-lane station and Bournville sub-station. 
At these stations further transformers step the 
voltage down again to 5,000. The electrical con- 
nections are shown in Fig. 95. The transformers 
were supplied by Messrs. Ferranti, Limited. At 
Nechells there are two 10,000 k.v.a. banks of single 
phase transformers with one spare single-phase unit, 
while at Summer-lane there is one similar 10,000- 
k.v.a. bank and at Bournville a 5,000-k.v.a. bank, 
with one spare single-phase unit. One of the banks 
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the event of any short circuits. The number and 
service of the panels are as follows :— 
x 10,000 k.v.a. incoming feeders. 
x 2,500 k.v.a. ring main feeders. 
2,500 k.v.a. ring main feeder (spare). 
2,500 k.v.a. link feeders to temporary station. 
3,000 k.v.a. feeder to boards for motor generator 
and station transformer circuit. 
3,000 k.v.a. motor gear feeder with duplicate tier 
switch for supply from either half of board. 
1 x Interconnector switch for coupling the two 
sections of the board. 
Station Switchboards (c)—These boards are of 
2 ary ee ” 
‘eyrolle “Cl” type, and control the motor 
generators and station lighting transformers. 
Station Switchboard (d).—This switchboard, of 
Reyrolle “ A2” type, receives the two split feeder 
cables from board (6), the bus-bars being connected 


to existing switch-gear for temporary use. | 
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Bus-Bar GROUPS. 











of single-phase transformers is illustrated in Fig. 99, 
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connected to trip the feeder main switch on the 
5,000-volt switchboard. 

Distribution Boards (f) and (g).—These boards, for 
station auxiliaries, were supplied by Mr. Bertram 
Thomas, of Westminster, and are of standard flat- 
back slate type. 

Motor Generator Sets.—There are three motor- 
generator sets fed from the 5,000-volt feeder board, 
which generate the direct-current works supply. 
Their position and connections are indicated in 
Fig. 95. The sets were supplied by Messrs. Bruce 
Peebles and Co., Limited, of Edinburgh, and com- 
prise 350 kw. open type inductor motor generators 
running at 490 r.p.m., and operated from the three- 
phase, cycle, 5,250-volt alternating-current 
circuit. Each machine is fitted with short-circuiting 
and brush-lifting gear on the alternating-current 
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10,000-k.v.A. TRANSFORMER TANK. 


annexed, while views of the two sides of one of 
the single-phase units removed from its oil tank 
are given in Figs. 100 and 101, on page 456. 

The transformers are of the “core” type, with 
circular coil concentric windings, the cores being 
built up of silicon steel punchings. Interleaved 
joints are made between the bottom yoke and the 
legs, and a butt joint is made between the top yoke 
and the top of the legs. This combination of inter- 
leaved bottom yoke and “ butt” top yoke greatly 
facilitates erection during manufacture, and avoids 
damage to the insulation of the core plates such as 
often occurs if interleaved top yokes are adopted. 
The complete core is held solidly together by heavy 
bolts, and additional vertical bolts passing through 
the coil clamps are provided to eliminate any 
possibility of mechanical failure. Axial movement 
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of the coils is effectively prevented by using solid 
insulating end supports butting against cast-iron 
clamps fixed to the top and bottom yokes. Single 
layer spiral coils are used for the 5,000-volt winding 
and disc or pancake coils for the 30,000-volt winding, 
thus reducing the voltage between adjacent turns 
toa minimum. The connections from the windings 
to the terminals on both the high-tension and the 
low-tension sides are firmly braced to prevent 
movement on short circuit, and the insulation of 
these leads is so arranged that there is no danger of 
static discharges even under test conditions. 
Effective and even cooling of the windings is obtained 
by the provision of ample ducts through which the 
cooling oil is free to flow, every turn of the winding 
being in contact with the oil. The connections 
between the main cables and the terminals of the 
transformers are made in a special oiltight cable box 
mounted on the lid of the transformer and fitted with 
a cover. The oil for each bank of transformers is 
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| A bridge has been built across the River Rea, 
for the outlet of the ring main feeders, and the two 
30,000-volt trunk feeders, the former of which will 
eventually carry the distribution supply to the 
northern and eastern districts of the city, and also 
for any future 30,000-volt trunk feeders to supply 
the central, southern and south-western or other 
districts. The Callender Company also supplied the 
six single-core 30,000-volt cables connecting the high- 
tension windings of the two 10,000-k.v.a. step-up 
transformers with the switch gear, and the two 
six-core 5,000-volt split-conductor cables connecting 
the permanent and temporary stations at Nechells. 
The whole of the wiring between the control boards 
in the control room and the oil switches in the switch- 
room was also carried out by the Callender’s Cable 
and Construction Company, Limited. The trunk 
feeder cables, for 30,000 volts pressure, to Summer- 
lane generating station and Bourneville sub-station 
| were supplied by the W. T. Henley’s Telegraph 


























Fig. 100. Srycie-PHAsz TRANSFORMER; 
30,000-Vott Srpz. 


circulated by means of a motor-driven “ Rovert ” 
high-speed self-lubricating ram pump, the pump, 
motor and an<additional small pump for water 
circulation being all mounted on a common bedplate. 
The oil is circulated through a standard thermoplate 
oil cooler. The oil-cooling arrangement is illus- 
“trated in Fig. 99, on page 455. 

General Distributing System.—The 30,000-volt, 
10,000-k.v.a. trunk connections between the Nechells 
Station, the Summer-lane Station and the Bourne- 
ville sub-station are controlled on the high-tension 
side by the two panels of Reyrolle “R2” type 
switch gear. It should be noted that by means of 
the two 30,000-volt 10,000-k.v.a. trunk feeders, 
the present Summer-lane generator load will be 
very greatly eased by its partial transference to the 
Nechells permanent station, in addition to the relief 
already afforded by the Nechells temporary station, 
the output capacity of which is some 20,000 kw. 
The group feeder single-phase cables leading to the 
feeder bus-bars, include group feeder reactances, 
supplied by British Insulated and Helsby Cables, 
Limited, and embody features which should give 
great permanency combined with complete safety 
in operation. The whole of the main alternator 
cables between the alternators in the engine-house 
and the main oil switches in the oil switch room, are 
single core cables, paper insulated and lead sheathed, 
and of 0-5 sq. in. sectional area (six cables in parallel 
to each phase of the machine), and were supplied 
by the Callender’s Cable and Construction Company, 
Limited. 


Fie. 101. Srvere-PHasE TRANSFORMER; 
5,000-VoLt SIDE. 


Works Company, Limited, these cables being paper 
insulated, lead sheathed, served, armoured with a 
single layer of galvanised steel wires, and again 
served. 

When the station has been completed in accord- 
ance with the scheme of the city electrical engineer, 
the machines and apparatus which will have to be 
controlled by the switch gear will comprise :— 

Seven 22,500-k.v.a. alternators. 

Six group feeder bus-bars, each for 10,000 k.v.a. 

Six 30,000-volt 10,000-k.v.a. transformers and 
trunk feeders to suitable distribution centres ; all, 
| including the generators, transformers and group 
| feeders, directly off the main bus-bars. 

The group feeder switches will each feed through 
reactances on to feeder bus-bars, and from the latter 
bus-bars there will be run link mains to other 
generating stations, ring main feeders for direct 
| distribution to consumers, and such local supply 
circuits as may be required for the needs of the 
generating station itself. 

Conclusion.—The present and preceding articles 
will probably afford sufficient indication of the 
magnitude of the works already executed and of 
those projected for the purpose of making good the 
deficiency of electricity supply which has been so 
acutely felt in Birmingham for several years past. 
Since the outbreak of war, when the construction 
of the new generating station was interrupted, the 
temporary station and the first portion of the 
permanent station have been completed with the 
result that the output capacity of the electricity 
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department has been increased. by some 50,000 kw., 
while the third turbo-generator and auxiliaries now 
under construction will bring the additional capacity 
of the plant up to 65,000 kw. Itis evident, therefore 
that in spite of various hindrances due to war 
conditions, disastrous strikes and other causes, 
a very considerable step has been made in the right 
direction. The completion of the Nechells per- 
manent generating station will follow in due course, 
and the municipal electricity supply service will then 
be on a satisfactory footing, although it is practically 
certain that further development will be necessary 
if industrial prosperity continues to increase. 

Finally, the writer wishes to express his thanks 
to the city electrical engineer, Mr. R. A. Chattock, 
M.I.E.E., for much valuable assistance in the pre- 
paration of this series of articles, as well as for the 
drawings and photographs placed at his disposal. 
He has also to express his indebtedness to the 
architects, Messrs. Ewen Harper Brother and Co., 
to the consulting engineers for the reinforced 
concrete work, Messrs. L. G. Mouchel and Partners, 
Limited,.and to various firms mentioned in the text, 
for details and illustrations relating to the portions 
of the works for which they were responsible. 





THE MEASUREMENT OF AIR FLOW. 


The Measurement of Air Flow by means of a 
Throtile Plate with Special Reference to the 
Measurement of the Air Supply to Internal 
Combustion Engines. 


By R. O. Kina M.ASc.(McGill).* 


One of the well-known methods of measuring air 
flow is to deduce the rate of flow from the observed 
drop in pressure over a circular orifice in a thin 
plate through which the flow to be measured is 
passing. This method, which is particularly suit- 
able for measuring air flow from the atmosphere 
into a receiver or vice versa will be referred to 
subsequently as “the throttle-plate method.” 

If air were an ideal fluid the relation between 
the average velocity V of the flow through an 
orifice along its normal axis, and the pressure differ- 
ence h producing it, would be given by the equation : 


V = constant x af 29% ‘ 2 nen 
p 


The introduction of the constant into the equation 
is due to the contraction of the lines of flow in 
passing through the orifice. The constant is called 
the “ coefficient of discharge.” It is approximately 
40 per cent. less than unity and usually denoted by 
the letter a. 

In dealing with actual fluids, the flow is affected 
by viscosity and the friction of the edges of the 
orifice, so the coefficient of discharge varies slightly 
with the area of the orifice and the pressure difference 
over it. Given a knowledge of the value of the 
coefficient for a range of orifice sizes and pressures, 
the throttle-plate method of measuring air flow is 
extremely simple for the particular cases to which it 
can be applied. It requires only elementary home- 
made equipment. A sheet of tin plate with a 
square-edged circular orifice, a U-tube for measuring 
the air pressure over the orifice, and an old oil drum 
for an air receiver, constitute the equipment re- 
quired for measurements of better than 1 per cent. 
accuracy. No calibration of the apparatus is 
required because the simple square-edged orifice 
can be made without difficulty an exact duplicate 
of the orifices for which the coefficients of discharge 
have already been determined. 

The advantages of the throttle-plate method were 
early recognised by Professor Durley, of McGill 
College, and the results of some years’ work on the 
determination of values of the coefficient a for 
orifices up to 6-in. diameter, and for pressure 
differences up to 6 in. of water, were published in 
the Transactions of the American Society of 
Mechanical Engineers, 1906. These determinations 
were made with air flowing out of a receiver into the 
atmosphere. Professor Dalby later suggested the 
method with the air flowing from the atmosphere 
into a receiver, for gas engine trials, and as no 
data was available other than Professor Durley’s 

* Formerly Exhibition of 1851 Scholar and Whiting 
Fellow in Physics, Harvard University ; in charge Engine 
Section, Air Ministry Laboratory, London. 
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on the reverse direction of flow, he deduced values 
for the coefficient a by indirect methods (see 
ENGINEERING, September, 1910). The values so 
deduced were in quite good agreement with Durley’s 
obtained for the opposite direction of flow. Follow- 
ing this the late Professor W. Watson, of the Imperial 
College of Science, assisted by Mr. Herbert Schofield, 
undertook a determination of the value of the 
discharge coefficient « for orifices up to 2} in. in 
diameter and for pressures up to 2 in. of water. 
The results of their laborious and very accurate 
work were published in the Proceedings of the 
Institution of Mechanical Engineers for 1912. 
There is no very great difference in the coefficients 
of discharge as determined by Watson and Schofield 
and by Durley. For a 2-in. orifice under a pressure 
difference of 1 in. of water the coefficient is 0-5951 
according to Watson, and 0-6005 according to 
Durley. There is an entire lack of agreement on 
the variation of the coefficient with difference of 
pressure. However, the correction for this variation 
does not exceed 4 of 1 per cent. for differences of 
pressure up to 2 in. of water, and as it is not necessary 
to use greater pressure differences the correction 
can be kept small enough to be within the accuracy 
of most measurements. Durley’s coefficients have 
been adopted recently as standard for use with the 
throttle-plate method of measuring air flow by the 
United States Bureau of Standards. 

In the following description of the use of the 
throttle plate method of measuring air flow, Watson 
and Schofield’s coefficients are used as standard, | 
because they were determined under the precise 
conditions that obtain in engine and carburettor 
testing, and in addition a great amount of engine and 
carburettor research results based on these co- 
efficients is now on record. 


APPLICATION OF THROTTLE-PLATE METHOD OF AIR 
FLow MEASUREMENT TO PRACTICE. 


The data required for the application of the 
throttle-plate method is given in convenient form 
in Tables I, II and III. The data are used as 
follows :— 

(1) Calculation of Air Flow by Volume and Weight. 
—(a) Volume :— 

Volume being velocity x area and A being area 
of orifice, then from equation (1), using c.g.s. units, 
volume passing through orifice per second 





=<¢ a/ ad A cubic centimeters per second . (2) 
p 


(b) Weight :— 

Weight being volume x density, then as above, 
and from equation (1) 

Weight passing through orifice per second 


=paa /20h < aa, [agne grams per second (3) 
p 


Equations (3), and the coefficients of discharge 
as determined by Watson and Schofield have been 
used in setting out the data required for practical 
measurement as in Table I. below. 


Taste I.—Air Flow through Circular Orifices in Thin 














of water difference of pressure, hence at 2 in. of 
water observed difference of pressure it would pass 
7-459 ./2 grams per second, assuming that a and 
premained constant. The figures in column I are 
given in inches because in making up orifices to exact 
dimensions, standard gauges, drills and reamers are 
most commonly found in British sizes. The figures 
in column II are given in grammes per second 
because it happens that approximately 1 gramme 
of air per second per horse-power is required for a 
petrol engine, and as the data given in the tables 
have been used mainly for petrol engine work it is a 
convenience to know at once the approximate 
horse-power corresponding to any observed rate of 
air supply. If, however the rate of flow is wanted 
in pounds per second of dry air, the figures in 
column II should be divided by 453-5. 

(2) Water Vapour—Content of Air Measured.—It 
will be noted that Table I gives air flow in grammes 
per second of dry air. Under usual working con- 
ditions air is approximately half saturated and the 
observed difference of pressure over an orifice 
through which air is passing is in small part due to 
water vapour in the air. 

When measuring the air supply to an engine by 
weight, the purpose generally in view is to obtain 
the fuel-air ratio by weight, and for this is required 
the actual weight of air used, apart from any water 
vapour it may contain. Hence column II is 
calculated to give the actual weight of dry air in 
atmospheric air which is half saturated. To obtain 
the total weight of air and water vapour passing 
the orifice the figures given in column II should be 
increased by 0-6 per cent., this correction being 
made on the assumption that the air is half saturated. 
When measuring air flow by volume it is generally 
desired to‘obtain the actual volume including both 
air and water vapour. If air flow in grammes 
per second of dry air is calculated from Table I, 
and the result divided by 34-41, the volume in 
cubic feet per second of half saturated air will be 
obtained. This will be the volume at observed 
conditions of. barometer and temperature. For 
volumes of half saturated air in cubic centimetres 
per second multiply calculated weights of dry air 
in grammes per second by 823. 

(3) Correction of Calculated Air Flow for Variation 
of Density.—Equation (2) for volume and (3) for 
weight are put in the form given in order to show 
clearly that for the former case the volume of air 
flowing per second is inversely proportional to the 
square root of the density, and for the latter case 
the weight flowing per second is directly proportional 
to the square root of the density. Air flow calcu- 
lated as in paragraph (1) above therefore requires 
correction for density. The necessary corrections 
over the usual ranges of air temperature and baro- 
metric heights are given ix Table II. It should be 
noted carefully that values for air flow calculated 
as per paragraph (1) and corrected for density as 


TaBLeE II.—Correction to be Applied to Air Flow by Weight 
Calculated from Column II, Table I, for Difference of 
Air Density at Observed Conditions from Density at 
760 mm. Barometer and 15 Deg. C. Temperature. 





























Plates, in Grammes per Second, of Dry Air for 1 in. 
difference of Pressure, and with Air Density corresponding Correction in. Correction in 
to Barometric Height of 760 mm., and Temperature | Barometer. | Percentage of | Thermometer. | Percentage of 
15 Deg. C. Air Flow. Air Flow. 
i. II. X, II. bo So 
Diameter Grammes of Diameter Grammes of 746 i - ae ey get pe 
of Dry Air per of Dry Air per 748 — 0:8 3 + 2-1 
Orifice. Second. Orifice. Second. 751 = O46 6 +16 
——s | 754 — 0-4 9 + 1-0 
‘ 758 — 0-2 12 + 0°5 
in. in. 760 0-0 15 0-0 
0°375 1-066 1°375 14-07 763 + 0-2 18 — 0°5 
0-500 | 1-899 1+500 16-69 766 + 0:4 21 — 1-0 
0-625 | 2-935 1-625 19°57 768 + 0°6 24 ail hg 
0-750 4-217 1-750 22-68 772 + 0:8 27 48-9 
0-875 | 5°723 1-875 26-03 776 + 1:0 30 — 26 
1-000 | 7-459 2-000 29-62 
1°125 9-420 2-125 33-40 
1-250 11-620 Note.—When air flow by volume is being calculated from 





weight used per stroke will vary according to 
atmospheric conditions, and if volumetric efficiencies 
are deduced directly from the observed weights, 
they will not be the same for different days. It is 
preferable therefore to calculate the rate of air 
flowing as in paragraphs (1) and (2) by volume when 
it is desired to obtain volumetric efficiencies. Volu- 
metric efficiencies so obtaingd will, however, be 
affected by cylinder temperature. 

The full correction for variation of outside tem- 
perature should not be applied to the charge weight 
taken in by an engine when running under its own 
power. In such a case the final temperature of the 
air measured, reached at the end of the induction 
stroke, differs greatly from the initial temperature 
and interchanges of heat are taking place con- 
tinuously. If it were not for these special conditions 


the charge weight of air taken per stroke of an 
engine at 0 deg. C. would be = times greater at 
this temperature than at 20 deg. C., and it would be 
possible for it to develop a correspondingly greater 
power, about 74 per cent. However, it has been 
found by experiment that changes in atmospheric 
temperature are about one-third effective in the 
engine cylinder when hot, so in the case mentioned 
the increase of power would possibly be 24 per cent. 
Also it has been demonstrated experimentally that 
the full correction may be applied for changes of 
atmospheric pressure to the air charge weight per 
stroke, hence the engine power, if measured at any 
observed atmospheric pressure and temperature 
may be very approximately corrected or referred to 
any other pressure and temperature by applying 
the full pressure correction and one-third of the full 
temperature correction. This rule is found to hold 
good very closely over the extreme differences of 
temperature and pressure that occur in ground 
level atmospheric conditions. 

(5) Correction of Calculated Air Flow for Variation. 
of Discharge Coefficient with Difference of Pressure.— 
The correction for the variation of a with difference 
of pressure over the orifice is given by Table III. 


TasLe III.—Correction to be Applied to Air Flow by 
Weight calculated from Column II, Table I for Variation 
of Discharge Coefficient a, with Difference of Pressure 
over Orifice. 








Observed Correction in Observed Correction in 
Pressure Percentage of Pressure Percentage of 
Difference. Air Flow. Difference. Air Flow. 
in., water per cent. in., water per cent. 
0- + 0°3 11 —- 0-1 
0-6 + 0-2 1°3 — O-1 
0:7 + 0°2 1:5 — 0-2 
0-8 + 0-1 1-7 — 0:3 
0-9 + 01 1:9 — 0-4 
1-0 0-0 2-1 — 0°5 














It will be noted that the correction only reaches 
4 of 1 per cent. if the difference of pressure reaches 
2 in. of water. The value of this correction is 
somewhat uncertain, and until this uncertainty is 
cleared away it is desirable to work with the small 
differences of pressure required to keep the correction 
of the same order as the accuracy of the measure- 
ments. 





Leak Testing Orifice. 


in. 
0-125 0-12 





Referring to Table I, it is obvious that to obtain 
the weight of air passing per second through any 
one of the orifices given in column I, it is only 
necessary to multiply the corresponding figure in 
column II by the square root of the observed 
difference of pressure. For example, a 1-in. diameter 
orifice passes 7-459 grammes per second at 1 in. 


observed depressions the sign of the corrections in this table is 
to be reversed. 6. tiBbisi am, te Mc fk Uta me LAR Moo nal 
described are the actual values at the observed 
atmospheric conditions of temperature and pressure. 
They are not values corrected to a standard 
temperature and pressure. 

(4) Values for Air Flow under observed Conditions 
Referred to Standard Conditions.—In engine-testing 
work it is usual to measure the rate of air used, 
by weight, in order to compare it directly with 





rate of fuel consumption. It will be found that the 





(6) Example of Use of Tables. 


(1) Observed Conditions. 
Difference of pressure over 2 in. diameter orifice = 
2-00 in. water. 
Barometer 768 mm. (corrected for scale tempera- 
ture). 
Temperature of air, 21 deg. C. 


(2) Calculated Results from Table I. 
From column II, Table I. 
Air flow for 2 in. orifice with 1 in. difference of 
pressure = 29-62 grammes of dry air per second. 
Hence as per paragraph (2). : 
Air flow at observed difference of pressure of 2 in. 
water = 29-62 ,/2 = 41-72 grammes of dry 
air per second. 


From Tables II and III :— 


Per Cent. 
Correction for barometer . = + 0°6 
Correction for air temperature ... = — 1-0 
Correction for pressure difference = — 0:5 
Total correction = — 0-9 


The air flow at the observed conditions is then 41-72 
less 0-9 per cent. = 41-35 grammes of dry air per second. 


From paragraphs (1), (2) :— 
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41-35 grammes per second of dry air, 


= 41:35 _ 9.09118 Ib. of dry air per second. 


—__ == 1-201 cub. ft. of half-saturated air per 


second 
and = 41°35 x 823 
= 34,030 c.c. of htlf-saturated air per second. 


All the above quantities are at the observed conditions 
of 768 mm. barometer and 21 deg. C. temperature. 


(7) Measurement of Air Flow due to Variable 
Suction.—When using the throttle-plate method 
in connection with internal-combustion engines 
there will be a periodic variation in the pressure 
difference on the two sides of the orifice. As the 
air flow is proportional to the square root of the 
pressure difference it would be necessary to observe 
or deduce the mean value of the square root in the 
case of a periodic variation of the pressure difference. 
Having obtained this mean value it could then be 
used as already described to calculate air flow from 
the tables, and the accuracy of the results so 
obtained would not be affected. Unfortunately 
the mean value of the square root of a rapidly 
varying difference of pressure of the character 
present in the induction system of an _ internal- 
combustion engine is a quantity that cannot 
be directly obtained by observation. It could be 
deduced mathematically from the mean pressure 
if the extent or the amplitude were known, and if 
the character of the pressure variation were such 
that it could be expressed by a simple equation. 
The pressure variation, however, is of an extremely 
complicated nature, and the diagram representing 
it accurately can only be obtained by the use of 
special indicators involving difficult experimental 
work. 

The real difficulty of measuring accurately the 
air supply to an internal-combustion engine should 
now be apparant. It is that the mean value of the 
square root of the pressure difference over an orifice 
at the inlet of the induction system of such an 
engine is an extremely difficult quantity to obtain. 
The problem was very thoroughly investigated by 
Dr. Watson and Mr. Schofield, and their work has 
made it possible to use the simple throttle-plate 
method in such a way that really accurate measure- 
ments can be obtained. The procedure adopted 
is to fit a receiver or air box between the measuring 
orifice and the inlet of the induction system. This 
receiver if of very great capacity would damp out 
the variations of pressure caused by the intermittent 
suction of the engine and the air would enter through 
the measuring orifice as steady flow. Such a 
receiver or air box large enough to entirely damp 
out variations of pressure would be of impracticable 
dimensions, but it was found by an investigation of 
the extent of the error introduced by the use of 
several sizes of air box that it was possible to keep 
the probable error under }$ of 1 per cent. by the use 
of an air box of reasonable size. For example, in 
measuring the air supply to a four-cylinder Clement- 
Talbot engine having a stroke volume per cylinder of 
41-6 cub. in., it was found that the use of an air box 
of only 1-5 cub. ft. capacity caused an error of 
6 per cent. in air measurement, while no measurable 
error was found with an air box of 17 cub. ft. 
capacity. The small box was too small and the 
large one certainly bigger than necessary. No 
exact method has been worked out for predicting 
the size of damping air box required to reduce the 
variable air flow to an engine to a sufficiently steady 
flow to introduce a definitely known error into 
measurement by the throttle-plate method. An 
approximate estimate can be made as follows: 

It is obvious that ‘he air supply required for a 
given horse-power will approach steady flow as 
the number of engine cylinders and revolutions per 
minute increase, this being represented as follows :— 

Air box size in cubic feet : 


__ a HP. to be measured. 
No. of cyls. x R.P.M. 





From experiments it appears that the constant K 
may be given the value 600. Applying this to the 
ease of a 250-h.p. “ Puma” engine at 1,400 r.p.m., 
the air-box capacity comes out at 18 cub. ft., and 
accurate measurements of the air supply to this 
engine have in fact been made with the throttle-plate 





method, using an air box of approximately 16 cub. 
ft. capacity. 

If the equation be applied to the case of the four- 
cylinder Clement-Talbot engine used by Dr. Watson, 
developing 22 h.p. at 1,000 r.p.m., the air-box size 
comes out at 34 cub. ft., that is, something more 
than double the small-sized box which gave an error 
of 6 per cent. in the air measurements. The equation 
given above should not be taken as applying to 
extreme cases, such for instance as that of a single- 
cylinder engine, having one suction stroke per two 
revolutions. Also it would not be advisable to use 
an air box of less than 5 cub. ft. capacity even if the 
equation indicated that a smaller size would be 
suitable. An air box 2 ft. square and 5 ft. long is a 
convenient size to handle, and is large enough for 
any usual case of air measurement for motor car 
or aero engines. 

In dealing with cases of air measurement where the 
suction is extremely intermittent, such as with 
single-cylinder test units, it is necessary to take 
special precautions to reduce the air passing through 
the measuring orifices to a condition of steady flow. 
A rubber diaphragm indicator should be made and 
attached to the air box. This is easily done by 
securing a thin rubber sheet over the end of a short 
piece of 3-in. tube communicating with the inside 
of the air box. Rubber sheet of suitable thickness 
can usually be obtained from dealers in surgical 
supplies and satisfactory diaphragms can sometimes 
be cut from the larger sizes of toy balloons. The 
diaphragm will be bowed inwards by the depression 
in the air box, and when in this position there should 
be only a slight vibration if the accuracy of the air 
measurements is not to be affected. If the 
diaphragm shows more than a trace of vibration 
with the largest air box available the remedy is to 
use two boxes connected in tandem, the box nearest 
the engine being used solely for damping purposes, 
and the other for measuring. By the use of this 
method it has been possible to eliminate air vibra- 
tions at the measuring orifices which could not be 
dealt with by the largest single air box available. 


(T'o be continued.) 





THE SIEMENS THERMOCOUPLE 
POTENTIOMETER. 


In our comments on the novelties of the recent ex- 
hibition of scientific instruments, arranged by the 
Physical and Optical Societies, we mentioned (on page 
36 ante) a potentiometer of the Lindeck type shown 
by Messrs. Siemens Brothers and Co. We now illus- 
trate this instrument in the diagrams Figs. 1 and 2 
annexed; Fig. 1 explains the general arrangements, 
Fig. 2 shows details. 

The battery B (a few dry cells or an accumulator of 
2 volts or 4 volts), supplies a weak current of 0-15 
ampere maximum to the circuit BAPR. R is a 
regulating resistance (of 0 ohm to 100 ohms), H a 
standard moving coil ammeter of a maximum range 
of 150 milliamperes, and P an accurately subdivided 
resistance. When the resistance of P between the 
points a and b is 0-1 ohm and the current in the circuit 
is, by means of the resistance R, adjusted to, say 
100 milliamperes, the potential difference across ab 
will be 100 x 0-1 = 10 millivolts, the milliampere 
figure being always 10 times larger than the millivolt 
figure. The thermocouple T, the electromotive force 
of which is to be measured, is connected across ab 
together with a suspended coil indicator G which has 
its zero in the centre of the scale. In making measure- 
ments by the ‘‘null’’ method, R is adjusted until G 
is not deflected ; then thee.m.f. of the couple T will 
be equal to the potential difference across a6 which 
is directly read off on the ammeter A; a reading of 
76-8 milliamperes would mean that the e.m.f. of T is 
7-68 millivolts. By subdividing P and by varying the 
potential point 6 various convenient multiples and sub- 
multiples of the ammeter scale are rendered available ; 
in the five-range instrument under notice the 100 
milliamperes may be made to correspond to 7-5, 15, 
30, 60 or 75 millivolts. When a Weston normal cell 
is substituted for the thermocouple T, the readings 
of A can be checked against that cell. 

So far we have referred to the use of the instrument 
by the null method. The indicator G is, however, 
calibrated 0 to 5 millivolts, on either side of the zero, 
and it will frequently be more convenient to take an 
“* out-of-balance ” reading by the “ deflection ’’ method. 
In that case, supposing the ammeter reading to be 
100 milliamperes, corresponding to 10 millivolts 
across a 6, we do not bring G to zero, but take instead 





the reading + 1-2 millivolts; then the e.m.f. of the 
couple would be 10 + 1-2 = 11 2 millivolts. 

From Fig. 2 we see that the regulating resistance R 
consists of three switch dials, giving 0 to 90 ohms, 
0 to 9 ohms, and 0 to 0-9 ohm respectively, and further, 
a sliding resistance of 0 to 0-1 ohm. The ammeter A 
is of the standard moving-coil type of the firm, and is 
fitted with a temperature compensation device. The 
indicator G, of the suspended coil type, is very sensitive ; 
it has a total resistance of 400 ohms, 250 ohms of which 
are series resistance; when this series resistance is 
cut out, with the aid of the third ternimal marked, 
the sensitiveness of the instrument is increased 2} times, 
The position of the potential point 6 is varied by means 
of the lever switch 8; the points marked 50, 100, 150 
milliamperes are used in checking the ammeter against 
the Weston normal cell. The resistance coils P are 
made of aged manganin. The switches W and V are 
inserted in the battery and indicator circuits respec- 
tively, and the terminals X X and YY serve for 
joining the thermocouple T and the indicator G to the 




























































































circuits. The terminals C are for the resistance R 
and the battery B, C; C2 for a 2+volt circuit, Cy Cz for 
a 4-volt circuit. 

As regards the accuracy obtainable the null-method 
readings depend only upon the correctness of the 
ammeter and of P, whilst, with the deflection method, 
the precision of G has also to be considered ; an error 
of 0-5 per cent. in the indicator reading would, how- 
ever, only affect the final value by 0-045 per cent. 
Again, the deflection-method reading will be somewhat 
influenced by the resistance of the thermocouple 
and its leads, which would not affect the null-method 
of working. But these influences would also be small, 
considering the high resistance of the indicator, 400 
ohms. With a thermocouple resistance of 4 ohms, 
e.g., the indicator reading might be wrong by 1 per cent., 
but that would mean only 0-09 per cent. on the total 
reading of 11-2 millivolts. It is noteworthy, moreover, 
that deflection-method values can be quickly checked 
by the null method. Further, the indicator readings 
can be checked against the standard ammeter by short- 
circuiting the thermocouple terminals X X, and the 
ammeter itself readily be checked against the Weston 
cell. Attention is drawn by Messrs. Siemens Brothers 
to these points, and further to the substantial and 
simple construction of the potentiometer, the absence 
of mirror galvanometers, so that measurements can 
be taken in daylight, to the ready adjustment and easy 
working and to the five ranges. 





Stock Excuance YEAR Boox.—That the digest of 
information relating to public securities and joint stock 
companies published by Messrs. Thomas Skinner and Co., 
of Gresham House, Old Broad-street, London, is of value 
to the investing public, may be judged from the fact 
that it has been issued every year since 1874. The 
volume has grown in bulk each year and the recently 
issued one for 1923, which is sold at 50s. net, has 300 more 
pages than its predecessor. Details of the financial 
fusions of the railway systems into the four groups are 
shown in the particulars relating to the companies, ans 
are given in a concise and clear form. The goin 
improvement in confidence in the world of commerce ane 
finance in 1922 is shown by the registration of 8,640 ~~ 
companies with a total capital of 133,000,0001. The tota 
number of companies actually existing in Great ere 
at the end of December, 1921, was 79,994, with a tota 
paid-up capital of over 4,100,000,0002. 
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ROTARY PUMP. 


CONSTRUCTED BY MESSRS. J. STONE AND CO., LIMITED, ENGINEERS, DEPTFORD. 
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THE need has long been felt for a small, simple 
and efficient pump for service with viscous fluids, 
such as crude fuel oil, lubrication oil, brine and molasses. 
The illustrations on this page show a pump specially 
designed to meet this ; the appliance being also suitable 
for pumping water for domestic, sanitary and general 
purposes. This pump is manufactured by Messrs. 
J. Stone and Co., Limited, of Deptford, London, and 
18 supplied in sizes ranging from a capacity of 400 
gallons to 9,000 gallons of water per hour, being 
designed for delivery pressures up to 70 lb. per square 
inch, Figs. 1 to 4 show various sections through the 
pump, Fig. 5 shows a photographic view of the casing 
with one part of the rotating system, a toothed wheel, 
in place, and Fig. 6 shows the other revolving member, 
an idler wheel, in its housing on the cover. 

As has been indicated, there are only two moving 
parts in the whole system, and they are subject to a 
barely rotating motion. There are no valves, cams, 
- €rs or springs to give trouble. The shaft is keyed 
© @ cast disc on the face of which are heavy teeth. 








Fie. 6. 


These engage with those of the idler wheel, which is 
supported, out of centre with the main shaft, on a 
pin mounted on the cover. The teeth of the driving 
wheel only extend half-way across the face of the 
other rotating part. The cover projects into the pump 
casing in two steps, the first to fill the whole of the 
space in the casing not occupied by the idler wheel 
and the second, a smaller crescent, to occupy the space 
left at one side between the teeth of the two wheels, 
as is shown in Figs. 3, 4 and 6. In the photographic 
view, Fig. 6, the larger crescent is shown solid, but 
the more common construction is seen in the drawings, 
where it is shown as a narrow cast projection with a 
space between it and the actual cover. ‘The parts are 
accurately machined so that the teeth mesh with an 
effective contact between them, and there is no large 
clearance between either the idler wheel and the crescent, 
or the main rotor and the casing. The inlet connection 
is at the end of the casing where the half lengths 
of the teeth of the idler wheel are not covered by 
the toothed wheel. The liquid is drawn into the spaces 





between the teeth of the idler wheel which performs the 


actual work of pumping, and is carried past the crescent 
to the outlet at the top of the pump. The return of the 
liquid from the high-pressure outlet to the suction 
side of the pump is prevented by the efficient rolling 
contact between the engaging teeth. Both rotating 
members are effectively supported. Gun-metal bear- 
ings with lubricators are provided for the main shaft 
and there is a suitable packing to prevent leakage. 
To provide lubrication between the idler wheel and its 
spindle, oil is introduced through a hole drilled down 
the spindle which communicates with a radial one at 
the foot. 

The pumps are made in five standard sizes with inlet 
pipes ranging from } in. to 3 in. diameter. They are 
supplied with cast-iron casings and gun-metal or cast- 
iron rotating systems or entirely of gun-metal to suit 
the requirements of the various services to which they 
may be put. If the pumps are to be used with acid or 
alkaline liquids they can be made of special material 
to meet the conditions. 

On the occasion of a recent visit to the works of 
Messrs. J. Stone and Co., at Deptford, we wit- 
nessed a successful demonstration of the working 
of a 1}-in. pump with heavy crude fuel oil. It was then 
shown that the pump could be made to operate, 
without resorting to priming, by the slow movement 
given by simply pulling the driving belt by hand. 








LUMSDEN TWIN-TABLE SURFACE 
GRINDER. 


THE excellent series of grinding machines of various 
kinds which is manufactured by the Lumsden Machine 
Company has recently been added to by the introduction 
of a twin-table vertical spindle surface grinder which we 
illustrate on pages 460 and 466. As will be generally 
known, Messrs. Alfred Herbert, Limited, of Coventry, 
are the sole selling agents for the Lumsden machines, 
and it is to Messrs. Herbert that we are indebted for 
particulars of this tool. The general lines of the machine 
are well shown in Fig. 2, page 466. It consists of a 
bed to which a ribbed cast column is bolted, keyed and 
dowelled. The front of the column has a vertical 
machined face on which the wheel head works and may 
be adjusted up and down, while the front part of the 
bed is formed with one flat and one vee way on which 
the sliding table operates. This table carries two 
horizontal face-plates formed with Tee-slots for holding 
down work, or adapted to carry magnetic chucks. One 
face-plate only is in operation at a time, the other 
being free for the loading on of the next batch of work. 
The face-plates are moved into or out of operating 
position by moving the sliding table, and as will be 
clear from Fig. 4 the free table is well clear of the 
grinding head and column so that if necessary material 
may be loaded on to it by overhead crane. 

The grinding wheel is 18} in. in diameter and is of 
the built-up segmental type carrying eight abrasive 
segments secured by keys and screw-operated wedges. 
The segments are 6 in. deep and can be adjusted down- 
wards when worn and used until they are about 14 in. 
deep. A set of segments on an average class of work 
lasts from 40 hours to 80 hours. The wheel has a 
heavy cast-iron centre in which the segments rest, 
while a strong steel band encircles the whole built-up 
structure. As already stated, the wheel head is 
adjustable for height of work; it is, however, locked 
to the column when grinding is being carried out, the 
column face being formed with Tee-slots for this 
purpose. The grinding wheel spindle runs in roller 
and ball bearings and is fitted with a large double ball 
thrust. This spindle is hollow and is driven by a 
driving shaft which telescopes inside it. The bearings 
are mounted in a large cylindrical ram which is a good 
sliding fit in the head, and the wheel feed is provided 
by giving end movement to this ram either auto- 
matically or by hand. This end movement is balanced 
by a strong spring so that there is no tendency for the 
ram to drop owing to backlash. The wheel feed 
movement is entirely independent from the movement 
of the wheel head, which is provided to allow adjust- 
ment to suit the job being dealt with, and as already 
explained the head is locked in position when work is 
being done. 

The hand wheels which control the movements of 
the head and the wheel feed can be clearly seen in all 
our illustrations of the machine. The wheel with the 
star handles, to be seen on the left in Figs. 4 and 6, is 
that which operates the head. It acts on a vertical rack 
which can be seen in these figures. The head is shown 
comparatively low in Fig. 2 and raised for a deeper 
job in Fig. 4. The maximum height available between 
the wheel and the face-plates is 19} in., or between the 
wheel and the face of the magnetic clutches 15in. The 
total height adjustment of the head is 18 in. The 
second handwheel, that on the right in Figs. 4 and 6, 
gives the hand-controlled wheel feed, a large dial 





reading tu 0-001 in. being fixed behind the wheel as a 
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guide to the operator. The total amount of feed 
available is 1} in. The automatic feed is engaged and 
disengaged by a lever just behind the hand feed hand- 
wheel, which can be seen in Fig. 6. The feed is 
actuated by the table driving gear through a pawl and 
ratched mechanism on the front of the bed. This 
gear connects to the wheel head through a vertical shaft, 
part of which can be seen behind the sliding table in 
Fig. 2. There are 12 rates of automatic feed, ranging 
from 0-0005 in. to 0-010 in. per revolution of the work- 
table. This automatic feed arrangement is a valuable 
feature of the machine, as it may be left in operation 
while the machine attendant is occupied in removing 
finished, and re-setting new, work, on the face-plate 
which is out of operation. It is usual to regulate the 
final cut by hand in order to leave a flat surface of 
good finish. 

The grinding wheel spindle is driven by spiral bevel 
gearing from the main shaft which is carried at the top 
of the column and runs in ball bearings. This shaft 
carries the single main drive pulley which is supported 
between the main drive gear-box and a bracket fixed to 
the column, An extension of the main drive shaft at 
the rear carries a three-step cone pulley for giving the 
table drive. The face-plates are rotated by worm 
gearing, operated by a cross-shaft, and internal gears, 
and are independent of each other, so that the idle 
table can be rotated or stopped at will when setting 
the work. Levers on the front of the sliding table give 
a slow speed for heavy roughing cuts and a fast speed, 
about five times the slow speed, for finishing. With 
the changes available from the three-step cone pulleys 
these change-speed levers give six speeds in all in 
three pairs. The actual speeds are 1 r.p.m., 1} r.p.m., 
2r.p.m., 54r.p.m., 74 r.p.m. and 10 r.p.m. The sliding 
table is actuated by power through a lead screw and 
is controlled by a lever on the front of the bed, a pair 
of dogs being fitted on the sliding table which trip 
the lever and stop the table in the correct positions 
for grinding. These dogs can be seen in Fig. 4. The 
whole of the control levers for speed and feed regulation, 
and adjusting the water supply, are on the front of either 
the bed or wheel head, and are all within easy reach 
of the operator so that he need not move from his work- 
ing position, while the face-plates are at a convenient 
height so that he can lift heavy pieces into position 
without difficulty. As already pointed out, however, 
the idle face-plate is quite clear of the column and 
wheel, so that a crane may be used if desired. 

As will be clear from Fig. 2, the machine is driven 
by a single pulley. This is 16 in. in diameter and runs 
at 900 r.p.m. The drive is preferably taken from an 
electric motor which should be of 20 h.p. to 25 h.p. 
The main belt is 6 in. wide and the cone pulley, table- 
drive, belt 24 in. wide. The water supply is provided 
by a centrifugal pump situated at the rear of the 
machine and belt-driven from the main shaft as shown 
in Fig. 3. A very copious supply is furnished and large 
open troughs are formed round the face-plates, with 
wide channels draining the water and mud into a 
settling tank. This tank is separate from the machine 
and may easily be cleaned. High swinging sheet steel 
guards are provided round the face plates to protect 
the operator from splash. They can be seen in Figs. 
3 and 4, A further strong guard is provided round 
the grinding wheel. This is provided with a door in 
the front to permit of easy segment changing. The 
arrangement is well shown in Fig. 6. 

A machine of this kind is capable of carrying out 
much work, both more accurately and more rapidly 
than a planer and miller, and in several of our illus- 
trations examples of the class of work dealt with are 
shown. The face-plates and the magnetic clutches 
which they carry are each 36 in. in diameter, and as 
the grinding wheel covers the whole surface of the 
face-plate in each revolution, the face-plates may be 
completely covered with material and a uniform and 
satisfactory job obtained. In comparing this machine 
with a planing or milling machine it should not be 
forgotten that when work is to be ground machining 
allowances can be reduced as scale will not damage the 
grinding wheel. This not only saves material, but 
automatically also reduces the grinding time. The 
particular suitability of magnetic chucks for a machine 
of this kind is also a point in its favour, as these 
practically eliminate any time lost in setting up. The 
control switches for the magnetic chucks are mounted 
at the front of the bed, one at each end. An example, 
which well illustrates the remarkable convenience 
of the magnetic chucks, is given in Fig. 1, on this page. 
This shows a series of eight electric cable dividing 
box covers mounted for grinding. The metal removed 
varied from just cleaning up to } in. and the eight 
were completely ground in 6 minutes. This period 
included the time expended on the preliminary cleaning- 
up operation on the underside to ensure that all the 
castings should be held flat when grinding the face. 

In general it may be said with a table full of work, 
where the surface to be ground offers considerable wheel 
contact, the grinding time required to remove y in. 





will be about 4 minutes, but where the wheel contact 
is narrow this is reduced to 3 minutes or even 2 minutes. 
An example of the more rapid working is given in Fig. 3, 
which shows a series of large cast-iron rings. These 
are 24 in. in diameter, the surface being 3 in. wide, 
and the machine removed yy in. from the surface in 
2 minutes. An assemblage of various jobs dealt with 
is shown in Fig. 5. The electric resistance grid, which 
is shown in the front right-hand corner, was just 
cleaned-up on both sides, six being mounted on the 
face-plate together and taking about 2 mjnutes for each 





Divipinac BoxES ARRANGED FOR 
GRINDING. 


Pic. 1. 


side. In this case, although there was not much 
metal to remove, the castings were extremely frail 
and had to be dealt with very carefully. The switch 
and fuse-boxes shown in the background of this figure 
were ground in times varying from 2 minutes to 
4 minutes per tableful. An automobile job is illus- 
trated in Fig. 6, which shows a series of six cylinder 
heads being ground. Five of the pieces can be seen 
in the figure, while the other lies crosswise at the back. 
The approximate size of each cylinder head was 16 in. 
by 6 in., and from the side shown uppermost in the 
figure #, in. was removed, } in. being removed from the 
other side. The total grinding time was 16 minutes. 





Tron anD Steet InstitvuTE.—The annual meeting of 
the Iron and Steel Institute will be held in the Hall of the 
Institution of Civil Engineers, on Thursday and Friday, 
May 10 and 11. There are to be morning and afternoon 
meetings each day. The papers to be read and discussed 
number twenty-four. At the morning meeting of Thurs- 
day, May 10, the Bessemer medal will be presented to 
Dr. W. H. Maw. The annual dinner will be held at the 
Connaught Rooms, Great Queen-street, W.C., on the 
evening of Thursday, May 10, at 7.30 p.m. 





PortTUGUESE Rattway Contract.—An important 
contract has been secured by Messrs. William Beardmore 
and Co., Limited, Glasgow, for the supply, construction 
and equipment of the general workshops of the Portu- 
guese South and South-Western Railway, at Barreira. 
Competition was free and open to contractors in all 
countries, each firm being invited to send in its own 
design of buildings and general lay-out. The workshops 
in question are for the construction, maintenance and 
repair of locomotives, carriages, wagons and rolling-stock 
generally. When completed, the establishment will 
comprise erecting shop, foundry, machine shops, tool 
room, carpenters’ shop, paint shop, paint mill and store, 
material store, boiler shop, forge and smithy, finishing 
shop, coppersmiths’ shop, carriage and wagon shop, 
upholsterers’ shop, timber shed, pattern shop, and will 
be the largest works of its kind in Portugal. The 
agers installation has to be demolished to make way 
or the new buildings, but the contract calls for the work 
of the railway being carried on in the old shops while the 
new ones are being built, and the transference of old 
plant and the installation of new plant, has to be dealt 
with in such a way that repairs and upkeep of railway 
plant are not interfered with. The buildings will be 
equipped with the most modern electric overhead cranes, 
air compressor plant, and so forth. A Diesel motor and 
generator for the power station, mechanical coaling 
appliance capable of coaling two locomotives at one time, 
reinforced concrete water supply tank, dock pump, &c., 
will be provided. Rails, points and crossings have also 
to be laid, for direct access to the different shops and for 
the intercommunication between the shops, in order to 
facilitate the rapid handling of the work. The plant will 
form an excellent example of the most modern railway 
workshop lay-out and organisation. 





THE COST OF CONCRETE ROADS. 


On the occasion of a deputation waiting upon Sir Henry 
Maybury recently at the Ministry of Transport, with 
regard to the use of Portland cement in road construction, 
some interesting figures were given as to costs in con- 
nection with the laying of such roads in Southwark 
and Willesden. Speaking on the experience in the 
former neighbourhood, Mr. A. Harrison, engineer to South- 
wark Borough, stated that he had charge of 67 streets 
laid with concrete, aggregating a length of 8 miles. In 
the construction of these roads from 65 per cent. to 
70 per cent. of the labour employed was local. Using 
hand mixing, and employing as the aggregate the old 
macadam washed and graded, they laid a 44-in. course of 
concrete, with a 1}-in. coating made with granite aggre- 
gate derived from broken setts. Reinforcement was used in 
the form of j-in. wire. Quite recently a street was re-laid 
in this way at the cost of 13s. 6d. per yard, including 
excavation, using unemployed labour for all work except 
for levelling and trimming which was done by three men 
who had been trained for this since leaving the army. 
Only one of the early streets had not stood well, and the 
cause for that lay in the fact that the concrete was not 
well mixed, and the work had not been properly cured in 
place. Bonding was also faulty at the end of the day’s 
work. This construction was now normal for side streets, 
which they closed to traffic till the concrete had matured. 
The concrete for the base was 6 : 1 quality, and for the top 
layer 3:1. The surface was tar-coated, but they were 
trying treatment with silicate of soda. In 1919 they 
started constructing concrete roads, and their estimate of 
cost for that time was 12s. per yard. In the winter of 
1921 the cost went up to 22s. per yard. In 1922 it was 
reduced to about 17s., and to-day, as given above, it 
worked out at 13s. 6d., including the cost of the aggregate 
which was brought into credit. 

In giving his experience on the construction of a section 
of the new North Circular Road, Mr. F. Wilkinson, 
surveyor to the Willesden District Council, said that the 
section of this road, which he had built of reinforced 
concrete, was wearing well after being open to traffic 
for more than a year. On this work he had found that the 
cost of excavation had run out at 5s. 11d. per cubic yard, 
the average amount excavated per man per day being 
5 cub. yards, using ordinary unemployed labour. The 
maximum for such labour had been found to be 8-6 cub. 
yards and the minimum 4 cub. yards in an 83-hour day. 
In addition to excavation these men did the concreting, 
which came out at 12s. 7d. per super yard, including 
reinforcement, which cost at the time 2s. 9d. per super 
yard, though it could be procured for 1s. 6d. per super 
yard at the present time. As the men became accus- 
tomed to the work the amount laid per day was doubled. 
Mr. Wilkinson admitted the difficulty of concrete work 
for main roads, arising from the necessity of closing the 
road to traffic for an extended period. The North 
Circular Road being a new road, this point did not arise 
in connection with it. 

With regard to this point, Sir Henry Maybury drew 
the statement from Mr. Harrison, of Southwark, that 
when working on the Borough High-street half the road 
had been closed for five weeks with very unsatisfactory 
results, and while it was admitted that side streets for 
which an alternative route was available, could probably 
be closed for the necessary time to allow the concrete to 
mature, without too great inconvenience, it was on the 
other hand pointed out that many of the roads in this 
country could not be treated in this way, to say nothing 
of the hendiing of the material in very restricted widths. 





“SUGGESTED SPECIFICATION FOR PER- 
MANENT MAGNET STEELS. 


To THE EpitoR OF ENGINEERING. 

Str,—With reference to the letter of Mr. E. A. Watson, 
which appeared in the issues of ENGINEERING for April 6 
(page 429), may I state very briefly that it is in con- 
sequence of our imperfect knowledge of the working 
constants of magneto-magnets, that I ventured to include 
in my suggested specification for permanent magnet steels, 
published in ENGINEERING of February 2 (page 129), the 
constants coefficient of retentivity, c, the product, H- xX ¢, 
magnetic strength, H. x Br, specific reluctivity, He/I;, 
in addition to (8 @) max. . 

Mr. Watson and I are agreed that much research is 
needed before there is ground to enable one to state 
precisely what the performance of a magneto-magnet may 
be in actual practice from ordinary tests made on the 
magnets. 

I have before me the results of tests on 12 good magnets 
taken from a large group of finished magnets, the 
measures of the coercive-force of which vary from 
67-6 C.G.S. units to 76-47 ©.G.S. units. The single- 
valued and derived constants vary considerably, and are 
acceptable, but one ought to be able to say what the 
cause or causes may be, which give rise to these differences. 

It is hoped that research in this direction will not be 
delayed, and I trust to be able to forward you in the 
course of a few days some preliminary notes on magnetic 
constants, and an introduction to the subject of 
permanence. 
Yours faithfully, 

Exuis H. Crapper. 
32, Spring Hill-road, Sheffield, April 9, 1923. 





KEYS AND KEYWAYS. 
To tHE Epitor oF ENGINEERING. | , 
Sir,—The Sub-Committee of the British Engineering 
Standards Association, which is engaged in revising ti 
standard specification No. 46 (Keys and Keyways), am. 
enlarging it to cover other forms of keys, has found itse 
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face to face with the fact that the key and keyway nomen- 
clature appears to vary in different parts of the country. 
Consequently, they have been studying this question 
with the object of bringing about uniformity, so that, 
in dealing with different forms of keys and the dimensions 
of same, the names given to keys and their parts should 
be well understood. We should be glad, therefore, if 
you would be good enough to publish the accompanying 
suggested nomenclature, and invite comments or 
criticisms in the columns of your valued journal for the 
assistance of the sub-committee. 

As illustrations, we would point out that the well- 
known sunk key is in some parts called a “ feather ” ; 
also that the recess formed in the shaft to receive the key 
is commonly called a keyway, but sometimes called a 
“key-seat.”” Further, that sometimes the expression 
“key-way ” is used for the recess in the shaft, while the 
recess in the hub or boss is occasionally distinguished 
from that in the shaft by calling this a ‘“ key-seat.” 

This distinction appears to have been due to the 
introduction of what are commonly known as “ Key- 
seating ’’ machines for cutting these recesses in the bosses 
of pulleys and flywheels, while, nevertheless the term 
“keyway ” is generally used in England to represent 
the recess which is produced by the key-seating machine. 

Further, when a number of keys are produced integral 
with the shaft, as in motor-car and machine-tool practice, 
the finished shaft is sometimes called a “ castellated ” 


Saddle Key (Fig. 3).—A taper key fitted to a pair 
having a keyway in the hub only, the bottom of the key 
being curved to fit the shaft. 

Flat Key (Fig. 4).—A key fitted to a pair having a 
keyway in the hub and a flat on the shaft. 

Sunk Key (Fig. 5).—A key partly in the shaft and 
partly in the hub. 

Feather.—A key attached to one member of a pair and 
permitting axial relative movement. 

Spline.—A key machined integral with a shaft and 
adapted to pair with a corresponding recess in the hub. 

Spline Shaft (Fig. 6).—A shaft having one or more 
splines. Multi-spline shafts are usually referred to by the 
number of splines, e.g., ‘four-spline shaft’? or * six- 
spline shaft,” &c., irrespective of the splines being 
projecting or sunk. , 

Peg Feather (Figs. 7 and 8).—A feather with peg to 
prevent its axial movement in hub. 

Single Head Feather (Fig. 9).—A feather with a pro- 
— at one end to prevent axial movement (of feather) 
in hub. 

Double Head Feather (Figs. 10 and 11).—A feather 
= : projection at each end to prevent axial movement 
in hub. 

Round Key (Fig. 12).—A key fitted in a hole drilled 
partly in the shaft and partly in the hub. 

Grooved Key (Figs. 13 and 14).—A key having a groove, 


K.C. The member also has access to a well-equipped 
workshop where he can make his models, &c. 

f course a member is in no way bound to abandon 
his idea if the committee report adversely upon it, 
neither is he restricted in the slightest as to the patent 
agent he may employ. The object being, so far as is 
possible, to prevent financial loss to an inventor in 
patenting an invention of no commercial value. At the 
same time, when a company is approached by the 
Institute with regard to taking up an invention, there is 
the guarantee that having been passed by the committee, 
the idea is worth consideration. 

This method of operation is in my opinion much 
better than the agressive class distinction trades union 
idea, because it is realised that the manufacturing 
interests are necessary to the inventor, whilst at the same 
time ensuring a reasonable division between the two 
parties of any profits there may be. 

Yours faithfully, 
C. SAxTON. 

Talbot House, Arundel-street, Strand, London, W.C. 2, 

April 9, 1923. 
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shaft, and sometimes a “splined” shaft. These illus- 
trations will serve to show to your readers the desirability 
of using standard expressions to define standardised 
objects. 
The sub-committee feel confident that the desire to 
arrive at standardised nomenclature will be approved by 
all engineers, and they will await with much interest any 
comments or criticisms which may result from the 
publication of the proposed nomenclature in your valued 
columns, and which ‘should be sent to the Secretary, 
28, Victoria-street, S.W. 1. 
Yours faithfully, 
(Signed) W. REAvVELL, 
Chairman of Sub-Committee on Keys and 
Keyways. 
C. LE MAIstRE, 
Secretary of the B.E.S.A. 
28, Victoria-street, Westminster, London, S.W. 1, 
April 6, 1923. 


British ENGINEERING STANDARDS ASSOCIATION. 


Proposals for Key and Keyway Definitions, &c., submitted 
by the British Engineering Standards Association for 
Comment. : 

It is recommended that the term “ castellated ” be in 
no case applied to shafts. 

Key (Fig. 1).—A piece inserted in an axial direction 
between a shaft and a hub to prevent relative rotation. 

Length of Key.—The overall dimension of the key, 
taken parallel with the axis of the shaft. 

Width of Key.—The dimension of the key measured 
tangentially to the shaft. 

Thickness of Key.—The dimension of the key measured 
Tadially to the shaft. In the case of taper keys the 
dimension is that measured at the large end. 

Taper of Key.—The taper between the top and bottom 
Surfaces in the direction of the length of the key. Taper 
'S expressed as 1 in 100, &c., or as ¢ in. per foot, &c. 

Plain Parallel Key.—A parallel key with square ends. 
on und Ended Parallel Key.—A parallel key with round 

8. 

‘ Gib Head Key (Fig. 2).—A key provided with a head to 

acilitate withdrawal. 

Plain Taper Key.—A taper key with square ends. 
eng ound-Ended Taper Key.—A taper key with round 





or grooves, lengthwise to facilitate fitting. 


Fig 15. Fig. 6. 








acting tangentially in opposite directions. 


movement. 
keys may be used. 
Keyway (Figs. 20 and 21).—A recess in a shaft or hub 
to accommodate a key or feather. 
Woodruff Key (Fig. 22).—A key segmental in form 
axially and parallel transversely. 
Woodruff Keyway (Fig. 23).—A segmental recess in a 
shaft to accommodate a Woodruff key. 
Fitting.“ Top and bottom fitting’’ when the key 
bears hard on top and bottom and lightly on sides. 
‘* Side fitting *’ when it bears hard on sides and lightly, 
on top and bottom. 





“INVENTIONS AND REWARDS.” 


To THE EpItor oF ENGINEERING. 
Srr,—Whilst every one will agree that there have 
been, are, and still will be, many cases where the inventor 
is exploited by the “grasping capitalist or soul-less 
Corporations,” yet I do not think that any good will 
come of adopting the attitude of your correspondent 
““M.S.,” which appears to be similar to that of some 
of our extremist Labour leaders, who are continually 
preaching the doctrine of class distinction. Just as 
Capital and Labour are interdependent one upon the other 
so are the inventor and the capitalist. 

At least 60 per cent. of inventions patented are abso- 

lutely worthless from a commercial point of view, and 
whilst not admitting that the ‘“ manufacturing interests 
possess a monopoly of the manufacturing knowledge and 
business instincts,’ yet as everyone is aware who has 
had anything to do with the average inventor, as a rule 
he is extremely ignorant upon commercial matters in 
general, and is to a certain extent obsessed with the 
value of his idea. (It very often happens that the less 
likelihood there is of the invention being of commercial 
value, the more the inventor thinks it is worth.) 
Therefore, what is needed is not an “‘ Inventors’ Trade 
Union,” but means whereby the inventor can be pro- 
tected from his own ignorance, and in many instances 
saved considerable financial loss. Four years ago a 
society (The Institute of Patentees, Incorporated, 44, 
Great Russell-street, W.C. 1) was formed upon these 
lines, the value of whose work has been acknowledged by 
the Board of Trade in granting it a Charter of Incorpora- 
tion, and by the Charity Commissioners sanctioning the 
transfer to the Institute of funds from patriotic organisa- 
tions. 
Any member of this Institute can submit his idea, 
after provisional protection, to a Technical Committee, 
composed of well-known technical and commercial men, 
who report upon the advisability or otherwise of pro- 
ceeding further with the invention in question. In the 
event of a patent being obtained, the Institute endeayours 
to put the inventor into communication with a suitable 
company or manufacturer who would be prepared to 
develop the patent. 





a e Key.—A key having the thickness equal to the 


In this case the ac nang interests are protected by 
an agreement which has been examined by an eminent 


Tangent Keying (Figs. 15, 16 and 17).—The use of keys] ¢han the 


Stake Keying (Figs. 18 and 19).—The use of taper keys 
for centralising the hub and for preventing relative 
They may be fitted as flat keys, or saddle 


Smr,—May I be permitted to endorse your footnote 
in reply to the letter of Mr. A. Fildes, in your issue of 
April 6. I had the opportunity of inspecting the 
wreckage of Charing Cross roof within a few hours of its 
fall, I heard the evidence of Sir Benjamin Baker and other 
engineers at the coroner’s inquiry, and I also examined 
very carefully the fractured end of the tie bar whose 
failure caused the disaster. It was evident beyond the 
shadow of a doubt that the failure was due to a faulty 
weld where one of the screwed ends of the bar had been 
shut on to the centre portion. The metal had never been 
ited over a considerable area at the centre of the weld, 
and the internal flaw so formed had eventually extended 
to the circumference. The material was good wrought 
iron, and its use was in conformity with the best engineer- 
ing practice when the roof was built. 
As neither the chemical composition of the iron, nor 
its slight surface corrosion due to smoke and steam, had 
anything to do with the failure of the bar, it is absurd 
to think that the accident could have been prevented by 
the employment of any number of chemists unless they 
can see any farther into solid metal than engineers can. 
Chemical questions had no more to do with the accident 
revalence of sun-spots at the time. If your 
correspondent thought otherwise it is a pity that he did 
not give evidence at the inquiry. I should have liked 
to have watched the expression on the faces of men like 
Sir Benjamin Baker, Sir John Wolfe Barry, Mr. Tempest 
and others when they heard Mr. Fildes explain that 
‘* Microscopic examination and chemical analysis showed 
it to be a piece of soft wrought iron, which, of course, 
had a very low elastic limit and low ultimate breaking 
stress. Here at once was the reason why the rod 
collapsed. It was not a weld at all If the 
material of which the roof was built had been under 
competent chemical supervision, such unsuitable material 
would not have been allowed to be used.” 
Such statements as these display an extraordinary 
lack of knowledge, not only of engineering practice sixty 
years ago, but also of the facts of the case. Wrought 
iron was practically the only available material at the time 
the roof was built, as steel did not come into general use 
for roof and bridge work until some time afterwards. 
Moreover, tie-bars such as the one in question could not 
have been made without welds, the existence of which 
your correspondent denies in spite of the most explicit 
evidence on the point. His statement that the bar he 
examined was “a piece of about 2-in. round material 
+ + . containing the original fracture” is somewhat 
remarkable in view of the fact that the bar was 44 in. 
diameter at the point of fracture, the difference being, of 
course, enormous. 
It is views such as those expressed by Mr. Fildes 
which make engineers in general somewhat dubious as 
to the assistance which chemists can render them in 
circumstances where a practical knowledge of manu- 
facturing conditions or of structural design is required. 
The engineer has as much claim to dominate the chemical 
laboratory as the chemist has to dominate the workshop, 
and each gets the best results in his proper sphere. All 
the chemists in the world could not foe prevented the 
Charing Cross accident, neither could they, from their 
chemical knowledge, have discovered the reason. 

Yours faithfully, 

MEMBER OF THE ENGINEERING INSTITUTE 

oF CANADA. 

April 8, 1923. 








WaterR-GAvuGE Guiass Intumimator.—The National 
Boiler and General Insurance Company, Limited, National 
Buildings, St. Mary’s Parsonage, Manchester, have issued 
particulars relating to their National patent water gauge 
glass illuminator, with instructions for its fixing. The 
illuminator has been tested by several insurers with 
satisfactory results. 


THe Late Mr. WatteR Henry Witicox.—We regret 
to have to record the death, which occurred on March 26, 
at his residence, ‘‘ Cavendish House,” 29, Wickham-road, 
Brockley, 8.E., of Mr. W. H. Willcox, the founder and 
governing director of Messrs. W. H. Willcox and Co., 
Limited, 38, Southwark-street, S.E. Apart from his 
business activities, Mr. Willcox took part in local public 
and other affairs in Southwark, and was also an Estates 
Governor of Dulwich College. 
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6-TON STEAM 


CONSTRUCTED BY THE “SENTINEL” WAGGON WORKS 


WAGON 


11. 11% Wheel Base 











| 


H 
a. anes \e7er8 _ Be 


Fig.3. 



































ne cnacncnen ocean stereccneen=: 22'0% Overall Length ---- 


WITH UNDER-TYPE ENGINE. 
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Tue “Sentinel’’ steam wagon has for so many years 
held a prominent position on the roads that its general 
features of design are thoroughly familiar to all engi- 
neers concerned with road transport. The makers, 
the ‘‘Sentinel’’ Waggon Works (1920) Limited, of 
Shrewsbury have, however, for some time been making 
tests of a new model, which is now being placed on the 
market under the name of the ‘‘ Super-Sentinel.”’ 
This wagon which is illustrated in Figs. 1 to 9 on this 
and the opposite pages differs little in external appear- 
ance from the older type, and retains the same general 
characteristics of design, but details have been modified 
in certain important respects. The chassis, shown in 
Figs. 1 and 2, is fitted with longer and more flexible 
springs than formerly, the springs being now attached 
to well-lubricated slippers working in dove-tailed 





guides. Power is transmitted to the rear axle from the 
engine by two roller chains of finer pitch than formerly, 
which diminishes the noisiness and wear of the sprocket 
wheels. The rear axle, shown in Fig. 3, is made of 
a cylindrical forging, carrying on its ends the two road 
wheels which run freely on unusually long journals. 
The wheels are readily removable when desired. On 
the inner side of each wheel is a large brake drum 
containing the two sets of internal expanding brake 
shoes used on the wagon. One set of shoes is operated 
by means of a foot-pedal, and the other by a hand- 
wheel eonveniently placed in the cab, adjacent to the 
engine reversing lever. This can be seen in Fig. 5 
which shows the arrangements of control gear in the 
cab. 
The boiler shown in Fig. 6, consists of an outer 











cylindrical shell and an inner cylindrical firebox, 
the latter being so arranged that it can be dropped out 
clear of the shell by undoing two joints only. The 
tubes, instead of being nearly horizontal as in the old 
boiler are now steeply inclined and arranged in three 
spiral banks, which form a kind of natural and un- 
burnable stoking shoot. The firebox is pressed with a 
series of spiral grooves which accommodate the tube- 
ends. A large superheater raises the temperature of 
the steam to 150 deg. above the temperature of 
saturation. : 
The front axle and steering gear are illustrated in 
Fig. 7. The steering column is stiffer than in the previous 
design and the steering nut is now housed in the en 
of a short bell crank lever, the whole of the gear working 
in an oil-bath. The steering rod and the connecting 
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6-TON STEAM WAGON WITH UNDER-TYPE ENGINE. 


CONSTRUCTED BY THE “SENTINEL” WAGGON WORKS (1920), LIMITED, ENGINEERS, SHREWSBURY. 





















































Fie. 7. Tae Front AXLE AND STEERING GEAR. 











‘Fie. 8. Two-CyLtinpER ENGINE. 




















Fie. 6. THe Borer. 


rod are both fitted with spring-loaded ball joints, as 
in motor car practice and the central pivot design of 
the front wheels has been retained, while the design 
of the front axle has been modified in the direction of 
simplicity and lightness. The engine, which is of the 
two-cylinder double-acting type is situated hori- 
zontally beneath the chassis, as shown in Fig. 1. 
Fig. 8 illustrates the appearance of the engine itself, 
together with the differential gear which is combined 
with it. 

The new differential gear is particularly interesting 
from a mechanical point of view. It is completely 
inside the crankcase and constructed as part of the 


| crank-shaft itself, the latter which has two throws at 


right angles, being bored through to accommodate the 
floating shafts which transmit the power to the driving 
sprockets. On the inner end of each floating shaft, 
and therefore in each crank-gap is keyed a gear wheel 
which engages with a pinion solid with a short shaft 
passing through the hollow crank pin. The inner ends 
of these crank pin shafts also carry gear wheels which 
engage with one another, and thus the differential 
train is formed. These latter gear. wheels are driven 
through spring friction clutches so adjusted that the 
train does not function until there is from 10 per cent. 
to 15 per cent. difference in tractive effort at the rear 
road-wheels. This is a great safeguard against side 
slipping of the vehicle. The new type of differential 
is smaller and lighter than the common type and is 
protected by its position from all dust and dirt. 

A further improvement in connection with the engine 
is the placing of the cam shafts inside the crank-case 
where they are better lubricated and protected. Two 
shafts are now used instead of a single shaft as formerly, 
an alteration which allows of broader and better- 
shaped cams. The valves of the new engine are all of 
stainless steel, actuated by long adjustable tappets. 
Double glands surrounding the piston rods serve to 
prevent water of condensation from the steam cylinder 
finding its way into the crank case. The boiler-feed 
pump is now driven by gearing at approximately 
half the engine speed, so that cavitation troubles 
which were sometimes experienced with the old drive 
are now entirely done away with. 

The completed vehicle as it appears en the road is 
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shown in Fig. 9. It is the outcome of nearly five years 
continuous experimental work, and the makers put 
it forward with confidence as embodying marked 
improvements over former types. The new wagon 
including, of course, its engine and transmission gear, 
is being built strictly to jigs and gauges, so that all 
corresponding parts are interchangeable, and as all 
details have been designed with a view to economical 
production, it has been found possible to put the wagon 
on the market at the same price as the former model. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic—Continued expansion in traffic 
via Hull is indicated by the official returns relating to 
trade up to and including March. During that month 
624,188 tons passed through the Humber port, compared 
with 397,052 tons in the corresponding month of last 
year. The total exports for March were 430,471 tons 
compared with 144,723 tons in» March, 1922, The 
principal increases in shipments were to Holland, 
Germany, Belgium, Norway and Sweden. 


Iron and Steel_—The steady improvement recorded in 
the staple trades is illustrated by the fact that on the 
average 1,000 men and youths each week are being 
taken off the unemployment roll of the Sheffield Labour 
Exchange. At this rate of progress there is sound 
reason for hope that by the end of the year something 
approaching normal conditions will have been restored 
in the local steel and rs industries. At the 
same time, while conditions generally are much improved 
as compared with six months ago, in many sections they 
are still far from satisfactory. The special steel trades 
have not benefited to we Ae | like the extent of the 
improvement in basic steel. ar stocks seem endless. 
A considerable tonnage of such material is now offered 
at rates well below the current cost of production. Alloy 
steels, too, are depressed, though as a result of the more 
active conditions obtaining in automobile construction, 
orders are percolating through at a rather more rapid 
rate. There is a moderate call for industrial plant for 
export. Quite the busiest sections are those devoted 
to railway work and wagon construction. Spring and 
axle works are taking on more hands. Sheffield Corpora- 
tion have placed a small order for tramway tyres with 
Messrs. Vickers, Limited. The corporation’s decision to 
spend 15,5001. on the construction of electric sub-stations 
will call for constructional steel and machinery. The 
consistent rise of official quotations for mild steels has 
had the inevitable effect of curbing a somewhat rapid 
expansion in business. Potential buyers are beginning 
to look askance at current rates, but makers are fairly 
well booked forward and decline to make concessions on 
contract tonnages. The argument advanced by con- 
sumers that the freedom of the Ruhr from French 
occupation would result in an immediate fall in British 
values is discountenanced by producers, many of whom 
are of the opinion that a long interval must elapse before 
Germany can reorganise competition to anything like 
the force or extent formerly obtaining. The uses to which 
stainless steel is being put increase almost weekly. One 
of the latest productions is in the form of rust-resisting 
steel taps for domestic purposes. These taps, which are 
cast, present a finished appearance and afford a big 
saving in labour. 


South Yorkshire Coal Trade.—Collieries are working 
under pressure to vie off arrears which accumulated 
during the Easter holidays. Export business is still a 
strong feature, though the shortage of wagons resulting 
from congestion at the ports is creating some difficulty. 
Best steam hards are in short supply on railway account. 
Benefit has consequently oawal to secondary grades. 
On the week, rough slacks have advanced ls. 3d.; nutty 
slacks 6d.; and smalls, ls. Quotations :—Best branch 
handpicked, 32s, 6s. to 34s. 6d. ; Barnsley best Silkstone, 
28s. to 30s, ; Derbyshire best brights, 25s. 6d, to 27s. 6d. ; 
Derbyshire best house, 23s. to 24s. 6d.; Derbyshire 
best large nuts, 20s. 6d. to 22s. 6d.; Derbyshire best 
small nuts, 17s. to 19s.; Yorkshire hards, 22s. to 24s. ; 
Derbyshire hards, 21s. to 24s. ; rough slacks, 12s. to 14s. ; 
nutty slacks, 10s. 6d. to 12s. 6d.; smalls, 7s. to 9s. 





REINFORCED CONCRETE PIER AT SHELLHAVEN.— 
AppENpvuM.—In connection with the description which 
appeared in our issue of March 16 (page 319 ante) of the 
new reinforced concrete pier erected at the Shellhaven 
depot of Messrs. Shell-Mex, Limited, we regret that we 
omitted to mention that Messrs. Carey and Latham, 
of 36, Victoria-street, Westminster, were consulting 
engineers for this scheme. Messrs. Carey and Latham 
advised the company on the several civil engineering 
and other questions involved, while Messrs. Edmond 
Coignet, Limited, were responsible for the actual design 
of the reinforced concrete work. 





HypRoELEcTRIC POWER FOR AUSTRIAN TyROL.— 
The power scheme of Dr. E. von Posch, in Innsbruck, 
which has been for some time before the Govern- 
ment, contemplates the utilisation of the water power 
of the Inn River and of the Pitz and Oetz rivulets. The 
main station is to be at Iimst, and a sub-station at 
Koppen on the Arlberg Railway, which is directly 
interested in the scheme. Three circular tunnels, 8 km. 
and 7 km. (5 miles and 4 miles) in length, have to he 
driven through the rocks, and heads of 232 m. and 
167 m. (760 ft. and 547 ft.) are to be utilised. The 
generating plant is to be of 80,000 h.p. Work on some 


NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is governed by the position as regards supplies. 
At present there is practically no iron purchaseable for 
delivery before June, and there is general disinclination to 
negotiate beyond that period. Any small odd parcels 
that come unexpectedly on the market are promptly 
snapped up at high figures, but the nominal reco 
market quotations are unchanged. Thus No. 1 is still 
132s. 6d.; No. 3 is put at 127s. 6d., though 130s. has been 
realised for the ruling quality; No. 4 foundry is 125s. ; 
and No. 4 forge 120s. 


Hematite.—Increased activity at the steel works has 
resulted in heavier home demand for East Coast hematite, 
the comparative cheapness of which has attracted 
overseas customers. The result is that makers have 
booked heavily, and few of them are now in a position 
to entertain business for supply before the second half 
of the year. Merchants have still a little iron to offer 
for May-June, and as a rule they quote round about 
127s. 6d. for Nos. 1, 2 and 3. It is stated that purchases 
for delivery beyond June can be made at 125s. 


Blast-Furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for the first quarter 
of the year having been certified at 92s. 10-69d. per ton, 
as compared with 88s. 4-74d. for the previous quarter, 
blast-furnacemen’s wages on the North-East Coast are 
advanced by 5-40 per cent., raising wages from 26-75 per 
cent. above the standard to 31-25 per cent. above the 
standard. 


Foreign Ore.—Imported ore is difficult to sell, con- 
sumers having good stocks, and substantial supplies to 
come forward against contracts, with the result that 
they are off the market. Best rubio is 24s. c.i.f. Tees. 


Blast-Furnace Coke.—The position as regards blast- 
furnace coke is rather less unsatisfactory. There is still 
great scarcity, but prospect of improved supply is 
encouraging. Sellers are renewing contracts with regular 
local customers at 40s. to 42s. 6d. delivered. 


Manufactured Iron and Steel.—Large inquiries are 
circulating for many descriptions of manufactured iron 
and steel, and producers have a lot of work on hand. 
All quotations are strong. Common iron bars are 12. ; 
iron rivets, 14/.; hard steel billets, 10/. 15s. to 111.; 
packing (parallel), 87. 10s. ; packing (tapered), 111. 10s. ; 
steel boiler plates, 14/. 10s. ; steel ship, bridge and tank 
plates, 10/7. 10s. ; steel angles, 101. 5s. ; heavy steel rails, 
107. 10s. ; fish plates, 147. 10s.; black sheets, 15/.; and 
galvanised corrugated sheets, 197. 10s. 

Ironstone Miners’ Wages Advanced.—The wages of 
Cleveland ironstone miners have been advanced by 
4} per cent. for the second quarter of the year. 





THe BIRMINGHAM CHAMBER OF COMMERCE.—The 
Birmingham Chamber of Commerce, whose activities 
in connection with the organisation of the Birmingham 
Section of the British Industries Fair we have several 
times noted, have issued a special supplement to their 
Chamber of Commerce Journal ‘‘in recognition of the 
public spirit and enterprise” shown by the firms who 
exhibited at the last Fair. This contains particulars 
of the goods manufactured by all such firms and, besides 
forming a useful guide to buyers, it marks in a practical 
manner the appreciation by the Chamber of the firms 
who supported it. 





ABBREVIATIONS AND SyMBoLs.—The American Engin- 
eering Standards Committee, says The Iron Trade Review, 
Cleveland, Ohio, has called a conference to be held in 
New York, to determine whether unification of engineer- 
ing abbreviations and symbols should be undertaken, 
and, if so, what the scope of such work should be. It 
is stated, adds our American contemporary, that the need 
for standardisation of abbreviations is great, since at 
the present time there is confusion in the use of many 
abbreviations and symbols. For instance, ‘‘ pounds per 
square inch” may be represented by at least half-a- 
dozen abbreviations. In Seatent. “‘H.P.” is used for 
“high potential,” according to the Americans, whereas 
in the United States it is generally used to mean “‘ horse- 
power.” After reading our American contemporary, 
the need for standardising abbrevations and symbol, 
would seem to be greater now than it has ever been. 


ErcHiIne REAGENTS FoR ALLOY STEELS.—According 
to The Iron Age, New York, considerable attention was 
paid recently to the problem of finding an etching re- 
agent by which chromium carbide could be distinguished 
from vanadium carbide in a positive and satisfactory 
manner. Only one out of about twenty reagents tried, 
seemed — . be of — use in this connection. 
This is a hot solution o! tassium permanganate and 
sodium hydroxide, pre in wok tor one minute 
darkens chromium carbide to a strong brown-red or 
brown colour, or rather, the carbon is eaten out, givi 
the walls of the cavity thus formed a dark teoenael 
colour, while vanadium carbide remains uncoloured and 
apparently unattacked. Another and less positive means 
of distinction is that obtained by electrolytic etching 
with a weak current in a dilute aqueous solution of 
ammonia or sodium hydroxide. The chromium carbide 
is eaten out, leaving a dark-brown-red or brown cavity, 
while the vanadium carbide is eaten out apparently 
at a slower rate, leaving cavities which appear light 


. along in time. 








of the tunnelling was commenced in 1922. 


and not at all darkened. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—While active conditions rule at 
the various Scottish steel works there is a lull in new 
business. Buyers are not very keen in fixing too far 
ahead at the present time, but producers have quite a 
large volume of work on hand and are assured of steady 
running for a month or two. Although actual dealing 
is poor there are many inquiries in the market, which 
proves to a certain extent that steel material is required, 
and there is the possibility of an increased trade coming 
Prices have much to do with the matter 
at present and have an upward tendency again. In the 
black steel sheet trade little change has to. be noted, 
and all the works are still very well employed. The out- 
put is moving away freely as both hens and export 
consumers have large orders placed. Prices have risen 
by 10s. per ton. The general export trade is keeping 
up fairly well. The following are to-day’s quotations :— 
Boiler plates, 137. per ton; ship plates, 10/. 5s. per ton ; 
and sections, 10/. per ton, all delivered Glasgow stations. 


Black Steel Sheets.—As noted above the prices of black 
steel sheets were advanced last week at a meeting of the 
Scottish Black Steel Sheet Makers’ Association, held in 
Glasgow. The following are now the new prices :— 
Black sheets, under } in. to y% in., 12/. per ton; 4 in. 
to } in., 127. 10s. per ton; fin. to 16 G., 137. 10s. per ton ; 
16 to 20 G., 141. 5s. per ton; 20 to 24 G., 151. per ton ; 
24 to 27 G., 16. per ton; all net delivered Glasgow. 


Malleable Iron Trade.—In the malleable iron trade 
of the West of Scotland there is not just so much fresh 
business on offer this week, due perhaps to the higher 
price now demanded by sellers. The increase of 10s. per 
ton decided upon by the bar iron makers last week was 
necessitated by the increase in the cost of production, and 
unless raw material and fuel come down in price quota- 
tions may have to go higher yet. The re-rolled steel 
branch of the industry is doing very well meantime, and 
the production is meeting with a ready market. As 
noted last week, the current price for ‘ Crown” bars 
is now advanced to 12/. 10s. per ton, delivered Glasgow 
stations. 


Scottish Pig-Iron Trade.—The makers of Scottish pig- 
iron are still meeting with a good market for the whole 
of their output at present. Hematite is again in better 
demand, and there is little or no falling-off in the request 
for deliveries of foundry grades. Inquiries are very 
satisfactory. The current quotations are as follow :— 
Hematite, 61. 7s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 6l. 5s. per ton, and No. 3, 6/. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipmenis.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, April 7, was rather less than for the previous 
week, and amounted to 3,555 tons. Of that total 3,465 
tons went foreign and 90 tons coastwise. For the corre- 
sponding week last year the total was 706 tons, of which 
541 tons went foreign. 





TRADE WITH Potanp.—Mr. R. E. Kimens, C.M.G., 
Commercial Secretary to H.M. Legation at Warsaw, 
will be in attendance at the Department of Overseas 
Trade for one week, commencing on the 18th inst. 
During that period he is prepared to interview by 
2 agp mesa United Kingdom manufacturers and mer- 
chants interested in trade with Poland. Application 
for interviews with Mr. Kimens should be addressed 
without delay to the Comptroller-General, Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W. 1. 
The reference 4672 T.G. should be quoted in all 
applications. 





THE Roya Sanitary Instrrute.—The thirty-fourth 
Congress of this Institute will be held at Hull, from 
July 30 to August 4. The Congress will be presided over 
— the Right Hon. T. R. Ferens, P.C., J.P., High Steward 
of Hull. The Right Hon. The Lord Mayor of Hull is 
the chairman of the local committee, who have in hand 
the arrangements for receiving and entertaining the 
delegates and members. Conferences will be held and 
visits paid to places of interest, illustrative of the sanitary 
administration of Hull and district. A Health Exhibition 
illustrating municipal sanitation and domestic health 
and comfort, will be arranged in the Wenlock Barracks, 
Anlaby-road. About 200 authorities, including foreign 
and Dominion Governments, Government Departments 
and local authorities, have appointed delegates to the 
meeting. Particulars can be obtained from the Secretary, 
90, Buckingham Palace-road, London, 8.W. 1. 





Tue Inon-Arsenic D1acram.—Studying particularly 
the equilibrium diagrams of iron-arsenic alloys con- 
taining up to 8 per cent. of arsenic, P. Oberhoffer and 
A. Gallasshick, of the Metallurgical Institute of Breslau, 
find according to Stahl und Hisen, that the heating and 
cooling curves hardly showed any characteristic points 
for these technically important, but little explored 
arsenic alloys. On the other hand, the magnetometric 
analysis proved instructive. As the arsenic content 
increased from zero upward, the temperature at which 
the magnetic susceptibility was lost decreased rapidly to 
80 deg. C.; but there was no further influence when the 
arsenic content exceeded 0-5 per cent. Moreover, this 
change was only observed on cooling, not on heating. 
The alloys were p by melting, in nitrogen atmo- 
spheres, electrolytic iron with an almost pure arseDic, 
containing only 0-2 per cent. of iron and a little silicon. 


exel 
acec 
laste 
day: 
mon 
cent 
how 
of ix 
Lab 
and 
port 
conti 
been 
K.C, 
Loug 
a. 
men, 


HE 
rise i 
expel 
omni 
Comp 
moto 
their 
The } 
evapo 
bers, 
with 
80 ad 
or an 
petrol. 
valve 
Is aut 
mentic 
vapou: 
consist 
which 


Eco: 
Vice-C, 
Overse 
place ir 


SS Rev ee ae 





APRIL 13, 1923. | 


ENGINEERING. 





465 











NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—The effects of the interruption of 
work in the coalfield and at the docks by the intervention 
of the Easter holidays is clearly reflected in the cargo 
export returns for the week. In all only 395,180 tons 
were shipped from South Wales, compared with 663,860 
tons in the previous week. Shipments to France totalled 
151,590 tons, to Italy 42,790 tons, to South America 
39,320 tons, to Spain 19 280 tons, to Portugal 9,040 tons, 
to Greece 5,790 tons, to British coaling depots 28,490 
tons, to the United States 20,330 tons, to Canada 5,490 
tons, and to other destinations 73,030 tons. Coupled 
with the loss of output occasioned by the holidays, 
production was further a by a strike of some 
46,000 colliery workers in the Rhondda Valley over the 
non-unionist question. This stoppage resulted in a loss 
in output of some 120,000 tons, of about 60,0007. in wages 
and in revenue to the coal trade of about 150,000/., 
estimated at current market values. On Monday work 
was resumed at the idle pits, the men claiming that as a 
result of the strike the membership of the Miners’ Federa- 
tion in the district had been doubled. Another effect 
of the stoppage was to render idle a number of men at the 
ports of shipment notwithstanding the fact that there 
were over 400 vessels in the various docks in addition 
to which there were about 70 in the roadsteads waiting 
to dock. Several of these vessels were unable to secure 
cargoes and the delays which were serious prior to the 
strike were aggravated... Owing to an acute scarcity of 
free supplies, prices lost their relative value and similar 
figures were demanded for the different grades of large, 
smalls and throughs, irrespective of quality. Salesmen 
asked 40s. for large, and realised it, and in some cases 
42s, 6d. was conceded, while throughs were purchased at 
35s., and smalls at 32s. 6d. Even at these figures only 
odd parcels were procurable, as those collieries affected 
by the stoppage had no coal to offer, while the majority 
of those working were already fully sold, and, with a 
plentiful amount of shipping in the docks, had very 
little left after meeting their obligations. Even con- 
tractors are now finding difficulty in obtaining their 
full contract quantities, and those now holding contracts 
with the collieries affected by the stoppages have been 
informed by the colliery companies that they intend to 
exercise their right and to reduce contract supplies 
according to the duration of the strike. As the strike 
lasted four days in a month in which there are 25 working 
days, should the collieries exercise their rights, the 
month’s quantity would be cut down by about 15 per 
cent. The actual quantity which will be delivered, 
however, will be a matter of mutual agreement. A court 
of inquiry, which has been set up by the Ministry of 
Labour to inquire into the necessity of the coal-trimmers 
and tippers working a third shift at the South Wales 
ports, huld its first sitting at Cardiff on Monday, and will 
continue until all evidence from the traders and men has 
been given. The court consists of Mr. J. A. Compston 
K.C. (chairman); Mr. T. H. Rendell and Mr. Lewis 
Loughor, M.P., representing the employers; and Mr. 
J. T. Clatworthy and Mr. C. T. Cramp representing the 
men. 








_ Heavy O1mts ror Omnisus Proputsion.—The rapid 
rise in the prices of motor spirit has led to new German 
experiments on the utilisation of heavy oil fuel for 
omnibuses and automobiles. The Berlin General Omnibus 
Company and the Postal Department, which maintain 
motor-car services, have found it satisfactory to run 
their vehicles on paraffin after starting with petrol. 
The Post Office makes use of the Schidlowsky double 
evaporator. This device comprises two float cham- 
bers, one for petrol, the other for oil, each fitted 
with separate nozzles, and a tubular slide which is 
80 adjusted that the engine either draws in petrol 
or an air spray of oil with a small addition of 
petrol. Another nozzle mounted close to the throttle 
valve is continuously fed with petrol; thus more petrol 
's automatically provided at lower speed, unless the slide 
mentioned is adjusted. The oil is passed through a 
vapouriser heated by the exhaust gases. This vapouriser 
consists of a helical pipe surrounding a casting through 
which the exhaust gases pass. 





_ Economic Posrtion or CzEcHOsLOvAKIA.—The British 
Vice-Consul at Prague, writing to the Department of 
Overseas Trade, says that an improvement has taken 
place in the sale of coal and coke, in the output of pig-iron 
steel and rolled-iron manufactures. At the end of 
December, three blast furnaces were in operation ; 
to-day seven are being worked ; no less than 15 are idle. 
Unemployment in the engineering trade has hitherto 
shown no improvement. At the beginning of this year 
employment in this branch was by 36 per cent. less than 
at the beginning of last year. Generally speaking, 
employment in the textile industry has slightly improved. 
The position in the glass industry remains unfavourable. 
In the window glass branch there are about 900 workmen 
employed out of 5,000. In the bottle factories 700 
workmen are employed, instead of 3,500. In the mirror 
and cast-glass factories only 1,440 workmen are employed 
out of 2,400. At the end of December the number of 
workmen employed in the manufacture of hollow glass 
was 7,864, and in February 8,375, but the normal number 
Bees. _ Since December work has been resumed in 

ve establishments of the hollow-glass branch, with six 
pre but five. other establishments with five tanks 
: osed down. There is a danger that in the near future 

ne of the largest glass works will have to close down 
partly, which would mean the dismissal of many hundreds 
ot workmen. In the porcelain industry there are at 
Present 23 per cent. of the workmen not employed at all 


NOTICES OF MEETINGS. 





Tue INstiTuTE oF MeTats : SwaNsEA Locat SECTION. 
—Friday, April 13, at 7.15 p.m., at the University College, 
Singleton-park, Swansea. Paper on “Casting and 
Castings,” by Professor C. A. Edwards, D.Sc. 


Tue Institute oF Merats: SHEFFIELD Loca SEc- 
TIoN.—Friday, April 13, at 3 p.m,, in the Mappin Hall 
of the University, St. George’s-square, Sheffield. Joint 
Meeting with the Faraday Society and the Manchester 
Metallurgical Society. 


THe Junor InstituTION oF ENGINEERS.—Friday, 
April 13, at 7.30 p.m., at 39, Victoria-street, S.W. 1. 
Ordinary Meeting. Paper on ‘‘ The Instrument Equip- 
ment of Aeroplanes,” by Mr. C. B. Clapham, B.Sc. 
Friday, Lecturette, “The Business of Engineering,” by 
Mr. H. N. Munro (Member). 


Tue Diesen ENGINE Users’ Assocration.—Friday, 
April 13, at the Institution of Electrical Engineers, 
Victoria Embankment, W.C. 2. Notes on “ The Use of 
Cooling Water for Diesel Engines,” by Mr. J. G. Griffin, 
M.IL.E.E. 


Tue Institution or Civi ENGINEERS: NEWCASTLE- 
UPON-TYyNE AssocIATION.—Monday, April 16, at 7.30 
p-m. Annual General Meeting and discussion on 
‘“‘ Estimating and Costing,” introduced by Mr. J. T. 
Thompson, Assoc.M.Inst.C.E., Lecture Theatre, Neville 
Hall, Newcastle-upon-Tyne. 


Tue Royat Socrety or Arts.—Monday, April 16, 
at 8 p.m., at John-street, Adelphi, W.C. 2.: Cantor 
Lecture, “‘ Nitrates from Air,” by Mr. E. Kilburn Scott, 
M.I.E.E. (Lecture II.) Wednesday, April 18, at 4.30 
p-m.: ‘Modern Abattoir Practice and Methods of 
Slaughtering,” by Mr. Hal Williams, M.I.Mech.E., 
Friday, April 20, at 4.30 p.m.: Joint Meeting of Do- 
minions and Colonies and Indian Sections, ‘A Review 
of the Base Metal Industry, with Special Reference to 
the Resources of the British Empire,” by Sir Richard 
A. 8. Redmayne, K.C.B., M.Sc. 


Tue InstiruTeE oF MARINE ENGINEERS.—Tuesday, 
April 17, at 6.30 p.m., at 85-88, The Minories, Tower-hill, 
E. 1. ‘ The Operation of Water-Tube Boilers for Cargo 
and Passenger Ships,” by Mr. R. Clark. 





THE INsTITUTION OF ENGINEERS AND SHIPBUILDERS 
In Scottanp.—Tuesday, April 17, at 7.30 p.m., in the 
Rankine Hall, 39, Elmbank-crescent, Glasgow. Dis- 
cussion on the following papers: ‘‘ The Beardmore- 
Tosi Diesel Engine: Results of Test Bed and Sea Trials,” 
by Mr. Robert Love; ‘‘ Some Oil Engine Experiments,” 
by Mr. A. I. Nicholson, B.Sc. ; “ Electric Transmission 
of Power for Propelling Machinery,” by Mr. W. J. Belsey ; 
“The Arch Principle of Ship Construction,” by Mr. 
Maxwell Ballard. 


Tue InstIruTION oF CiviL ENGINEERS.—Tuesday, 
April 17, at 6 p.m., Special General Meeting of Corporate 
Members, to approve and adopt Revised By-Laws. 
Students’ Meeting, Wednesday, April 18, at 6 p.m. 
Paper to be read: ‘‘ Pulau Ubin Quarry,” by Mr. A. H. 
Naylor, M.Sc. Mr. Maurice F. G. Wilson, M.Inst.C.E., 
will take the chair. 


Tue Soctety or Guiass TECHNOLOGy.—Wednesday, 
April 18, at 2.30 p.m., in the Applied Science Department, 
The University, St. George’s-square, Sheffield. Annual 
General Meeting. Presidential Address: ‘‘ The Year in 
Review in the World of Glass-making.’’ General dis- 
cussion on ‘* Works Organisation,’’ opened by paper on 
“Organising for Production from Pot Furnaces,” by 
Mr. W. W. Warren, A.M.Inst.C.E. Other speakers will 
present the case for Tank Furnace Works. 


Tue Royat MeETEoroLoGICAL Soctety.—Wednesday, 
April 18, at 5 p.m., at 49, Cromwell-road, South Kensing- 
ton, S.W. 7. “An Examination of British Upper Air 
Data in the Light of the Norwegian Theory of the 
Structure of the Cyclone,” by Mr. W. H. Dines, F.R.S8., 
and Mr. L. H. G. Dines, M.A., “ On the Mechanism of 
Cyclones and Anti-Cyclones,” by Mr. Tatuo Kobayasi ; 
‘* Notes on the Fluctuations of Mean-Sea-Level in Relation 
to Change of Atmospheric Pressure, from Observations at 
Liverpool, August and September, 1920,” by Captain 
E. C. Shankland, R.N.R. 


THE InstituTIoN oF MINING AND METALLURGY.— 
Thursday, April 19, at 5.30 p.m., at the Rooms of the 
Geological Society, Burlington House, Piccadilly, London, 
the following papers will be submitted for discussion : 
“The Titration of Very Small Amounts of Gold,” by 
Mr. W. B. Pollard ; “‘ Notes on the Selection of a Copper- 
Smelting Plant,” by Mr. W. A. Heywood, Member. 


Tue Royat Institution oF Great Britain.—Friday, 
April 20, at 9 p.m. Evening discourse will be delivered 
by Mr. W. J. S. Lockyer, M.A., F.R.A.S., on “ The 
Growth of the Telescope.” Afternoon Lecture, Thursday, 
April 19, at 3 p,m,, Professor A. O. Rankine, O.B.E., 
D.Se., on “The Transmission of Speech by Light ” 
(Lecture IT). 


Norru-Easr Coast InstituTION of ENGINEERS AND 
SurpsurtpERS.—Friday, April 20, at Bolbec Hall, 
Newcastle-upon-Tyne. ‘‘ Possibilities of Increased Effici- 
ency in Railway Locomotives,” by Mr. T. Grime. 


THe Institution or MECHANICAL ENGINEERS.— 
Friday, a 20, at 6 p.m., at Storey’s Gate, St. James’s 
ark, S.W. 1. Hardness Tests Research. * Static 


Indentation Tests,’ by Mr. R. G. C. Batson; ‘“‘ The 


in the Scratch Hardness Test,” by Mr. G. A. Hankins, 
A.R.C.8e. Friday, April 27, at 7 p.m.: Informal 
Meeting. Adjourned discussion on ‘‘ The Use of Light 
Alloys in Place of Iron and Steel,” by Mr. A. E. L. 
Chorlton, C.B.E. 


THe Minine Institute or ScoTnanp.—Saturday, 
April 21, at 3 p.m., the forty-sixth Annual Meeting 
will be held in the Royal Technical College, George-street, 
Glasgow. The new President, Professor Robert W. 
Dron, will be introduced and inducted to the chair ; 
Professor Dron will deliver his presidential address. 
The following papers will be open for discussion: ‘‘ The 
Mining of Two Seams in Close Proximity,” by Mr. R. A. 
Macdonald, B.Sc.; “Tests of Centrifugal Ventilators, 
with Special Reference to Initial Water Gauge,” by 
Mr. Henry C. Harris, B.Sc. ; ‘‘ Tacheometry as a Method 
of Underground Surveying,” by Professor Henry Briggs, 
D.Se., and Mr. James Cooper,. F.R.S.E. 








Tests or Dust Resprrators.—Dust respirators for 
protecting workmen from inhaling injurious dusts in 
mines or other dusty places, are undergoing tests at the 
Pittsburgh, Pa., experiment station of the United States 
Bureau of Mines, to determine their relative merits. 
Silica rock dust suspended in air and tobacco smoke are 
being used as test mediums. Various fabrics have been 
compared for their filtering qualities, the best so far 
having been cotton flannel, and dense wool felt. Filter 
ig of close texture also showed up well against very 

ne particles. A dust respirator of superior efficiency 
and comfortable to wear may be designed from results of 
this investigation. 





Tue Execrric FuRNAcCE IN THE UNITED SraTEs.—- 
The Pacific Coast, says The Iron Age, New York, had 
over 10-5 per cent., or 43 of the 406 electric furnaces 
contracted for or installed in the United States on 
January 1. From these furnaces almost every possible 
product is being produced, not only steel castings, but 
various kinds of iron castings as well. Ingots, both 
plain carbon and alloy steel, are regular products. In 
one plant, two furnaces, one acid and one basic, are 
producing carbon and alloy steel castings, grey and white 
iron castings, and special alloy ingots. The predominance 
of the acid bottom is noteworthy, insuring a high grade 

roduct in the shortest time. The situation is a good 
illustration of the flexibility of the electric furnace and its 
adaptability in a region of high cost pig-iron and coal. 


AvTomaTIC SIGNALLING ON THE MERSEY RaILway.— 
An unusual installation has recently been made on the 
Mersey Railway which, in addition to signalling, includes 
the automatic operation of points. The apparatus 
arranges for the throwing over automatically of a cross« 
over road and a pair of catch points. It has been put 
in at Liverpool Central (Low Level) Station by the 
Westinghouse Brake and Saxby Signal Company, 
Limited, to the instructions of Mr. J. Shaw, the general 
manager and engineer of the railway. The station has 
an island platform. A time arrangement is installed 
which takes 20 seconds or 30 seconds to operate. This 
ensures that the train shall remain in the platform 
section for a definite time in which it comes to rest. 
At the end of this interval a cross-over road is reversed 
and the signal cleared for the train to run on into a 
siding. When this train is in the siding the cross-over 
road is returned to normal, and provided that the other 
platform road is clear a pair of catch points are reversed 
and signal cleared so that the train can return to the 
platform on the other side. The automatic operation 
can be cut out if it should be desirable for some reason 
to work the points and signals by hand. 








AustTrRiAN ForEIGN TRADE IN 1922.—The Commercial 
Secretary at Vienna. has forwarded to the Department of 
Overseas Trade the following information, for the year 
1922: Coal imports declined from 5-9 to 5-7 million 
tons, although the cost increased by 21 million gold 
crowns (875,000/.), to 176 million gold crowns (7-3 mil- 
lion pounds), owing to the higher prices paid, especially 
to Czechoslovakia. The bulk and value of the imports 
of raw materials somewhat increased, particularly 
sulphur pyrites and textile materials. The value of 
manufactured goods imported declined from 756 to 661 
million gold crowns (31 to 27 million pounds). The 
uantity of wood exported (770,000 tons) was nearly 
double that of the year before, and the total value was 
58 million gold crowns (2-4 million pounds). The export of 
magnesite also increased, and amounted to 130,000 tons, 
which is valued at over 500,0007. The export of ores de- 
clined. The export of manufactured goods showed a large 
increase. The value amounted to 900 million gold crowns 
(35-4 million pounds), or 86 per cent. of all the exports. 
There were important increases in cotton goods, made-up 
clothing, paper and paper goods, rubber goods, wooden 
goods, cement, and iron and metal goods. The export of 
machinery declined. Of the imports by weight into 
Austria, Germany sent 37-7 per cent., Czechoslovakia 
37-1 per cent., Hungary 6-3 per cent., Poland 5-5 per 
cent. No other country sent more than 2 per cent. 
The share of the United Kingdom was only 0-6 per cent., 
but it does not send to Austria much of the bulky and 
heavy articles such as fuel and food-stuffs. According 
to the British official statistics the value of the produce 
and manufactures of the United Kingdom sent to Austria 
in 1922 was 1,308,288/. The figure for 1921 was 
1,734,0007. Of the exports from Austria, Comey 
took by weight 31 per cent., Italy 19 per cent., 
11-9 oa pane Teneciain 7 per cent. The share of the 
United Kingdom is not given, but according to British 
statistics the value of the goods imported from Austria 








and another 16 per cent. only partially employed. 





Relation between Width of Scratch and Load on Diamond 


was 1,582,404/., more than twice as much as in 1921. 
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36-IN. TWIN-TABLE SURFACE GRINDING MACHINE. 
CONSTRUCTED BY THE LUMSDEN MACHINE COMPANY, LIMITED, ENGINEERS, GATESHEAD. 
(For Description, see Page 459.) 


























Fie. 2. GENERAL VIEW OF MACHINE -SHOWING FACE-PLATES. Fic. 3. View sHowrnc Pump, TrouaH AND SPLASH-GUARDS. 














Fie. 4. View sHOWING IpLE TABLE BEING LOADED. 








Fie. 5. SAMPLES OF WorK GROUND. Fic. 6. ViIrEw SHOWING WHEEL GUARD, 
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to the fact that the above is our SOLE ADDRESS, 
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Journal and any other publications bearing 
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the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
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Serial advertisements will be inserted with all practio- 
able mame. but sbsolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
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received on the Friday previous to the day 
of publication. 
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THE EFFECT OF LOAD VARIATION ON 
POWER STATION EFFICIENCY. 


Ir is characteristic of electric power stations that 
the output of electricity per eight-hour shift, or 
per day, is very variable. During the evening shift, 
from four o’clock to midnight when the heavy 
lighting load is on, and during which the evening 
traffic rush on tramway systems has to be coped 
with, the output is likely to be several times as 
much as is required during the succeeding shift 
from midnight to eight o’clock in the morning. 
Similarly the Sunday output will in general be much 
less than that on any week-day, while the week- 
day outputs also vary among themselves in accord- 
ance with the weather and the habits of the com- 
In the case of steam plants. whose sole 
duty it is to act as standbys to hydro-electric 
installations, the variations of output during equal 


periods of time are enormously greater, for one day’ 


the station may be doing nothing whereas on the 
next it may be called upon for its maximum out- 
put should there be ice in the hydro plant or trouble 
on the transmission lines. 

This variation in output introduces certain diffi- 
culties in station management which are quite 
apart from those connected with successfully 
coping with the loads. Every engineer is con- 
cerned to run his station efficiently, and there is 
no better check upon operation than a continual 
comparison of the results obtained. A direct com- 
parison, however, between the fuel consumed per 
kw.-hour, or the water evaporated per Ib. of fuel 
on different shifts, may be highly misleading. It 
would certainly not be fair to expect the men who 
produced every kilowatt hour for, say 1-8 pounds 
of coal during a shift when the output was 200,000 
kw.-hours, to do the same on a shift when the out- 
put is only 50,000 kw.-hours, An ordinary station 
has a variation of output per shift at least as wide 
as this, while in a stand-by station the maximum 
output may be fifty times or more the minimum 
output over equal periods of time. Under such 
conditions it is of great importance to be able to 
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eliminate, in some way, the effect of the variation 
in load, so that a true comparison can be made 


E/ between the efficiency of operation on any shift 
1 | and that obtained on any other. 


Only thus can 
an improvement or the reverse be definitely ascer- 
tained, and proper credit be given to the men 
responsible. Experience, moreover, abundantly 
shows that when a true measure of operating effici- 
ency is instituted, so that no section of the operating 
staff is unfairly handicapped by the apparently 
high consumption figures obtained when the load 
is small, the natural emulation between the shifts 
of workers rapidly brings about an all-round im- 
provement in results, 

To eliminate the effect of load variation on the 
coal and steam consumption of power stations, the 


2| method devised by Mr. R. H. Parsons and illus- 


trated in our columns several years ago has come 
largely into use both in this country and abroad. 
Mr. R. B. Mitchell, in his paper read before the 
Institution of Electrical Engineers at their Glasgow 
meeting last summer, mentioned that he had 
adopted the method for keeping a constant check 
shift by shift upon the operating efficiency of his 
large new station at Dalmarnock, and by his courtesy 
we were able to publish in our issue of September 1 
last a full analysis of the working results of this 
important station. We need not, therefore, refer 
to that method further except to explain that its 
essential feature is the empirical determination of a 
standard performance for any station in the form of 
a straight line upon a chart, with which the operat- 
ing results may be compared graphically as they are 
obtained. 

During the period covered by our analysis of the 
Dalmarnock results, the output per shift varied 
from 30,000 kw.-hours to over 230,000 kw.-hours. 
The coal consumption as stated in the ordinary way 
was about 3-57 Ibs. per kw.-hour for shifts with 
the lower output, and improved to about 1-8 lbs. 
per kw.-hour during shifts when the higher out- 
puts were obtained, varying between these limits 
according to the output. These two figures, 
although one is apparently nearly twice as good as 
the other, are really equally satisfactory under 
their respective conditions, as they both conform 
equally well with the standard of efficiency ascer- 
tained for the station. The operators, therefore, 
who are using over three pounds of coal per kw.- 
hour may have reason to be quite as proud of their 
performance as those who produce a kilowatt hour 
for less than two pounds of coal, and the engineer in 
charge can allocate praise or blame where it is 
deserved. The test of efficiency is not the actual 
consumption per kw.-hour but rather the con- 
formity of this figure, whatever it may be with the 
standard efficiency line of the station. 

The greater the range of output between the 
various shifts in a station the more important it is 
to determine the standard efficiency so as to be able 
to make fair comparisons between the different 
results. In stand-by stations the apparent results 
differ so widely that figures given on the ordinary 
basis are practically meaningless as a measure of 
the efficiency of operation. We may quote, for 
example, the case of a steam plant in Canada 
which was operated as a stand-by to a hydro- 
electric station. The steam station was called 
upon for outputs varying from 1,000 kw.-hour to 
60,000 kw.-hour per day of 24 hours and had to be 
ready to take over the maximum load at short 
notice. When the station produced only 1,000 
kw.-hours per day its average fuel consumption 
was 56-746 lbs. per kilowatt hour, while when the 
output was 60,000 kw.-hours per day, the average 
consumption was reduced to 5-711 lbs. per kilowatt 
hour. The apparent discrepancy between these 
results is enormous, yet both are really of equal 
merit, for both fall on the line given by the equation 
C = 51,900 + 4-846 K, which is the standard of 
efficiency for that particular station. In this 
equation C represents the number of pounds of 
fuel burnt per day, while K represents the output 
in kilowatt hours over the same period. By com- 
paring the coal consumption for any output with that 
calculated from the equation, the engineer can form 
an opinion as to the efficiency of operation during 
that particular day, without regard to the magni- 
tude of the electrical output. It may be mentioned 
that, in the instance quoted, the fuel used was 
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lignite slack of, low calorific value, ‘0 that the Under these conditions bonuses on efficiency can. Smith and Son. that if they continued to supply 


results are more interesting by comparison with 
each other than on account of their absolute values. 

The method of establishing lines of standard 
fuel and water consumption for a station, and com- 
paring daily operating results with them in a 
graphic manner, with a view to keeping a constant 
check upon efficiency, has also been adopted in a 
large stand-by station in California, an account of 
which is given in a recent issue of the Electrical 
World (New York). The results published are 
interesting in that they refer to the performance of 
a complete modern unit consisting of a 12,500 kw. 
turbo-generator together with its own oil-fired 
boilers. The generator runs at 1,800 r.p.m. and 
supplies 3-phase 60-cycle current at 12,000 volts. 
The condenser for the turbine has 25,000 sq. ft. cool- 
ing surface, and is designed for a vacuum of 28-5 in. 
with water at 60 deg. F. Steam is supplied from 
six Stirling boilers, each with a heating surfage of 
8,230 sq. ft., erected in three batteries. The boilers 
supply steam at 250 Ibs. per square inch with 
total temperature of 556 deg. F. and are fired with 
Californian fuel oil atomised by steam jets. 

During a period of nine months the output from 
this self-contained portion of the plant varied from 
about 12,000 kw.-hours to 215,000 kw.-hours per 
day of 24 hours, so that the lines from which the 
equations are deduced could be established with 
great accuracy. In the article to which we have 
referred the fuel equations are given in terms of 
barrels of oil, but for convenience we have con- 
verted them into more familiar units on the basis 
of 337-8 lbs, per barrel. With this modification the 
standard fuel consumption is given by the line 
represented by the equation F = 31,077 + 0-9121 K 
where F represents the pounds of oil burnt per 24 
hours and K represents the kilowatt hours generated 
in the same period. The steam consumption of this 
plant is given by the equation W = 300,000 + 
11-8 K, in which W represents the number of pounds 
of water evaporated per 24 hours and K denotes 
the output as before. We see from these equations 
that a consumption of 2-466 lbs. of oil and 26-8 lbs. 
of steam per kilowatt hour with an output of 
20,000 kw.-hours per day, is equally meritorious as 
a consumption of 1-067 Ibs. of fuel and 13-3 Ibs. 
of steam per kilowatt hour for an output of 200,000 
kw.-hour in the same time. 

At the station in question a daily report is made, 
two consecutive items of which are “ Oil used” 
and “ Oil required, standard.” The latter is the 
amount of oil required for the particular day’s 
output, as calculated from the standard equation, 
or more simply read from the line on the chart. 
The operators are thus compelled constantly to note 
any variation of the station performance from the 
standard immediately the day’s run is finished. 
A similar procedure has been adopted for a long 
time by Mr, C. O. Milton in his small but excellently 
managed station at Maidenhead. In this case the 
comparison is made shift by shift, which is fairer 
to the operators, and we understand that the 
institution of the method brought about a really 
remarkable improvement in results within a very 
short time. The Maidenhead station includes both 
steam plant and internal-combustion engines, and 
this combination renders the output of the steam 
plant per shift much more variable than it would 
otherwise be. Hence the ordinary figures of pounds 
of coal per kilowatt-hour have less significance even 
than usual, as the constant losses by radiation, &c., 
become very prominent on certain shifts and make 
the consumption appear unduly heavy when the 
output is small. 

The iliustrations we have given are quite sufficient 
to show the necessity of arriving at some basis of 
comparison between the coal and steam consump- 
tions obtained in a power station during shifts 
when the outputs are unequal. The confusing 
effect of load variation is of course greatest in stand- 
by stations. These, however, are comparatively 
few, but the effect is quite pronounced enough in 
every ordinary power station to render any method 
of eliminating it highly desirable. Inequality of 
output is the most disturbing factor in a station 
where the operating conditions are uniform, and the 
practical advantage of the method we have indicated 
is that it enables this factor to be disregarded, so 
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be fairly established, each shift of men being 
rewarded according to the results they obtain, inde- 
pendently of the performances of other shifts. 





CONSPIRACY AND THE RIGHT TO 
CARRY ON BUSINESS. 


WE have been told, in memorable verses, that the 
policeman’s lot is not a happy one, but Mr. Justice 
Russell appears to think the same might be said of 
the lot of a judge who has to deal with cases where 
persons have interfered, in combination, with the 
carrying on of another man’s business. In his 
judgment on March 28, 1923, in the case of Sorrell 
v. Smith and others, his lordship said that he found 
himself in the unenviable position that his decision, 
whatever it might be, must run counter to views 
expressed by members of higher tribunals. 

In the case of Quinn v. Leathem, decided by the 
House of Lords in 1901—i.e., before the Trades 
Disputes Act, 1906, altered the law as regards cer- 
tain acts done in contemplation or furtherance 
of a trade dispute—certain members of a trade 
union interfered with the carrying on of the business 
of a butcher called Leathem. He employed a man 
who would not join the union. He was in the habit 
of supplying considerable quantities of meat each 
week to a customer called Munce. The union officials, 
having tried in vain to induce Leathem to dismiss 
his non-union employee, intimated to his customer, 
Munce, that if he bought any more meat from 
Leathem his employees, who were members of the 
union, would be withdrawn. Munce, under fear of 
this threat, withdrew his custom from Leathem. 
The latter sued the officials of the union for damages, 
and obtained them in the Irish Courts, and the jud- 
ment was approved by the House of Lords. Lord 
Lindley said that the union officials were doing a 
great deal more than exercising their own rights ; 
they were dictating to Leathem and his customers 
what they were to do, and were violating their duty 
to Leathem and his customers, which was to leave 
them in the undisturbed liberty of doing what they 
had a perfect right to do, and that no justification 
or excuse for their conduct could be found. 

In the case of Ware and de Freville, Limited, v. 
The Motor Trades Association and others, in 1921, 
a company which dealt in motor cars offered a car 
for sale at a price which did not commend itself to 
the manufacturers. These manufacturers were 
members of the Motor Trades Association, and the 
association, in order to prevent the dealers from 
repeating their supposed offence in future, placed 
their name upon a stop list in which it was stated 
that until further notice they were not to be supplied 
directly or indirectly by members of the association 
with any of the articles on the association’s ‘“ pro- 
tected list.” Mr. Justice Rowlatt held that the 
dealers were entitled to an injunction against the 
association and its officials, to prevent them from 
interfering in this way with the carrying on of their 
business; but the Court of Appeal reversed the 
judgment, on the ground that the association were 
merely exercising their legitimate rights as traders 
and were not attempting to attain their objects by 
any unlawful means—in other words, they were 
acting bona fide in the interests of their members. 

In the case which Mr. Justice Russell had to 
decide, the plaintiff, Mr. Sorrell, was a retail news- 
agent carrying on business at Hoxton. The 
defendants were the circulating managers of a 
number of London newspapers, and they acted in 
combination as a committee known as the Circu- 
lating Managers’ Committee. Until February, 1922, 
Mr. Sorrell had obtained newspapers from Messrs. 
Ritchie Brothers, wholesale newsagents, but because 
Messrs. Ritchie were supplying a competitor who had 
set up business near him he transferred his custom 
to another firm of newsagents, Messrs. Watson and 
Son, whose place of business was nearer to his own 
than that of Messrs. Ritchie. Messrs. Ritchie 
complained to the circulating managers. Shortly 
afterwards Watson and Sons were communicated 
with by telephone and were told that the circulating 
managers had had a meeting and had resolved to 
withdraw their supplies unless they ceased to supply 
Mr. Sorrell. At about the same time one of the 





Watsons he would have to consider the question 
of supplies to them (Smiths). In consequence, 
Smiths informed Watsons that they would be unable 
to supply them with the newspapers if the latter 
continued to supply Mr. Sorrell. Following upon 
this, a letter signed by the members of the Circu- 
lating Managers’ Committee who were defendants 
to the action, was sent to Watsons to the effect that 
it had been unanimously decided by the committee 
that Watsons should be requested to give Mr. Sorrell 
notice to discontinue supplying him with newspapers. 
In consequence of these threats, Watsons were 
compelled to inform Mr. Sorrell that after a specified 
date they could no longer supply him with news- 
papers. Mr. Sorrell applied to the court for an 
injunction against the circulating managers who had 
signed the letter, to restrain them from interfering, 
in combination or otherwise, with his right to enter 
into any contract with Messrs. Watson or his right 
to carry on his business as he willed. He sued also 
for damages. 

Mr. Justice Russell, like many other judges, found 
himself unable to reconcile. the opinions of the 
judges of the Court of Appeal and the House of 
Lords in the numerous cases of this kind, such as 
The Mogul Steamship Company, Allen v. Flood, 
and Quinn v. Leathem, and seems to have been 
specially embarrassed by the difference in result 
between Quinn v. Leathem and Messrs. Ware and 
de Freville’s case; but he decided to follow the 
judgment of the House of Lords, as he understood 
it, in Quinn v. Leathem. He said that the defendants, 
in order to secure that Mr. Sorrell should return 
to Messrs. Ritchie as a customer, brought pressure 
to bear upon Messrs. Watson to discontinue their 
supplies to him. This pressure was exerted in part 
directly, and in part indirectly through Messrs. 
W. H. Smith and Son. In other words, they 
combined to bring it about by threats that Watsons 
should refuse to deal with the plaintiff—that is, 
combined to interfere by coercion of Watsons with 
the trade of the plaintiff, with his right to carry on 
his business as he willed, and to deal with such 
people as he thought fit. They were not, however, 
actuated by any spite against the plaintiff or by any 
intention or desire to injure him. They desired 
that he should take back his custom to Messrs. 
Ritchie. The defendants contended that when 
stating that they would stop supplies to Messrs. 
Smith unless they stopped supplies to Messrs. 
Watson, these acts, done or threatened, were merely 
withdrawals of custom, acts which any individual 
was entitled to do, even though damage to the 
plaintiff might result. They maintained that an 
otherwise lawful act done in combination becomes 
unlawful only if done with an intent to injure 
another, and that such intent was absent from the 
case. On the other hand, the plaintiff contended 
that the true view of the law was that any inter- 
ference, in combination, with a man’s right to 
carry on his business as he wills and to deal with 
such people as he thinks fit is a violation of legal 
right which, if procured by threats and resulting 
in damage to him, is actionable if there be no 
sufficient justification for the interference. Mr. 
Justice Russell said that as he read the judgments 
in Quinn v. Leathem, that case decided that a com- 
bination of two or more to induce by threats a man’s 
customers not to deal with him was, if damage 
resulted, actionable unless justification existed. 
The evidence of damage was slight, but he thought it 
was established that Messrs. Watson’s terms of 
supply were peculiarly advantageous to the plaintiff 
as compared with Messrs. Ritchie’s. 

Pending the result of the action the parties had 
refrained from putting their threats into execution, 
but his lordship thought he was justified in holding 
that the event which the defendants combined to 
bring about would, if their combination were 
successful, cause damage to the plaintiff. He could 
not find that there was sufficient justification for 
what they did. The only excuse or justification 
which he thought was suggested for their acts was 
their desire to have the final voice in each case 
as to the application of the distance-limit policy— 
that is to say, they claimed the right of imposing 
their opinion as to how many retailers there should 
be. He therefore held that the plaintiff was entitled 
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circulating managers informed Messrs. W. H. 





to an injunction restraining the defendants from 








n 


— 


—- a to y 


APRIL 13, 1923. ] 


ENGINEERING. 





interfering or attempting to interfere with his right 
to continue such contracts with Messrs. Watson as 
he willed ; but he expressed the hope that the case 
would be carried to the House of Lords so that a clear 
exposition of the law might be obtained which, 
though it might not reconcile all the decisions, 
would render less difficult the solution of such 
questions in future. 

In view of the decision of the Court of Appeal in 
the case of Ware and de Freville it seems unlikely 
that the court will agree with Mr. Justice Russell, if 
the case is appealed, and we shall not be surprised 
if the unhappy plaintiff has to choose between 
submitting to the Circulating Managers’ Committee 
or taking his case to the House of Lords. 





BRITISH RAILWAYS IN 1922. 


Tue preliminary figures for railway traffic in 1922 
are not as bad as one might have expected in a 
year of such universal depression. They show, in 
fact, a marked improvement in some ways on the 
year 1921, and suggest that having been returned 
to the free control of private ownership the com- 
panies have promptly set about the task of putting 
their houses in order with a view to reviving their 
commercial standing. The year’s figures are not, 
however, free from indications of the lack of spending 
power and of employment by which recent times 
have been characterised. The two outstanding 
features of the passenger traffic for the year were 
a decrease of no less than 31 millions of passengers, 
exclusive of season ticket holders, who totalled 
approximately the same. The decreased spending 
power of the population is reflected by the figures 
for first-class traffic which show a falling-off of over 
4 million in the number of passengers, while the 
scarcity of employment accounts for a drop of over 
7 millions in the number of workmen’s tickets issued 
and a decrease of 20 millions in ordinary third-class 
traffic. Doubtless the latter represents reduced 
travel in connection with holidays and week-ends. 
These reductions still leave the total of 1,186,470,000 
passengers, an excess by more than 2 millions of the 
total for 1913. Owing to the increase in fares the 
receipts per passenger which now stand at. 1s. 5-9d. 
are not comparable with the average of 10d. before 
the war. Concessions which were introduced last 
year brought the figure slightly below that for the 
preceding year. 

Tn view of the depression it is interesting to find 

that the tonnage of freight carried shows a large 
increase on the previous year, being 301,418,000 
tons, compared with 217,708,815 tons in 1921. 
This, however, is mainly accounted for by the 
improvement in coal and coke traffic; this traffic 
was seriously reduced in 1921, of course, by the 
lengthy coal strike. The figures for all classes of 
freight were still much behind those of 1913. In 
ton-mileage the year 1922 shows an increase of 
3,500,000,000 over the previous year, the average 
length of haul, however, being reduced from 58-12 
miles to 53-32 miles in 1922. The average receipts 
have also fallen, as a result of concessions, from 
the figure of 9s. 10d. per ton in 1921 to 7s. 6d. 
last year; the average receipts per ton-mile also 
showed a decrease. 
_ As regards operation there are several small 
indications of the efforts being made to secure more 
effective working. The average load per wagon 
has been improved from 5-07 tons to 5-52 tons 
in the past twelve months. The number of wagons 
per train also shows a small improvement, while the 
average train load has increased from 121-17 tons to 
127-55 tons. These are not very large figures, but 
in view of the attention which has had to be primarily 
concentrated in the past year on organisation rather 
than operation, they may be considered to be earnest 
of better to come. The net ton-miles per train- 
engine hour, shunting hour and engine hour, all show 
marked improvement, and one can hardly refrain 
from the inference that the stimulus which has 
resulted in these changes is to be traced to the 
cessation of state control. 

The actual railway revenue for 1922 shows gross 
receipts of 219 millions sterling, which surpassed the 
expenditure by over 444 millions. This is in 
Pleasing contrast to the previous year, when the 
working resulted in a deficit of nearly 9 millions. 





The total net receipts of the companies for all 
services ran to 47-2 millions in 1922. The change 
has been brought about mainly by economy in 
operation, for the total receipts of 1922 exceeded those 
of 1921 by rather more than 1 million, while expendi- 
ture fell by no less than 56 million sterling. All 
maintenance figures showed considerable reduction 
in the year, while running and traffic expenses were 
also greatly reduced. While the figures are 
abnornally high compared with pre-war amounts 
the reductions are very satisfactory so far as they 
go, and indicate that we are getting away from the 
post-war period of absurdly high wages and prices. 

The preliminary returns, which are published by 
His Majesty’s Stationery Office (price 1s. 6d. net), 
do not give very great detail, nor do they give 
exact figures in many cases as some of the statistics 
for the smaller companies do not become available 
so early. The returns are, however, sufficiently 
accurate to serve the purposes to which such figures 
are usually applied, and the fact that they are 
available comparatively quickly after the close of the 
year is an advantage which more than offsets 
the slight lack of exactitude. 








POWER STATION FUEL CONSUMPTIONS. 


Contact with human nature, vested interests, 
and other stabilising influences lias done much to 
dim the vision which accompanied the passing of 
the Electricity Supply Act of 1919, and there are 
but few dreamers who now see an entirely re- 
modelled electricity supply in this country operating 
with unparalleled efficiency from some half dozen 
or so “‘super” power stations. This dream has 
melted in a practical world in which technical 
considerations usually find themselves of less 
moment than legal contentions and communal 
rights and the most enthusiastic believers in the 
engineering possibilities of a really reformed elec- 
tricity supply are likely to be satisfied for the 
present if they can see some reasonable working 
arrangement come to between authorities concerned 
in the same area of supply. That there is much in 
the contentions of the reformers and a long road 
yet to travel before we approach the generating 
efficiencies which are possible is, however, well 
illustrated by the analyses of fuel consumptions for 
the year ending March 31, 1922, which have just 
been published by the Electricity Commission. 

These analyses concern 536 generating stations, 
and an examination of them illustrates very clearly 
the fuel economy which lies in generation in large 
stations and the wastefulness of small ones. Of the 
536 stations, 427 have an output of under 10,000,000 
units a year. The installed capacities of the stations 
are not given, but one may take it that these figures 
mean that 80 per cent. of our stations have a plant 
capacity of less than 10,000 kw. A capacity of 
this kind hardly allows of the results which should 
be obtained in modern practice, and the present 
condition of affairs must mean that the great 
majority of our stations are generating in a less 
efficient manner than is commercially possible. It 
is obvious that all our stations cannot be of the 
50,000 kw. order, and it may be suggested that a 
10,000 kw. capacity is not a bad-sized station for 
this country. The figures with which we are now 
concerned, however, show in a remarkable way that 
from the point of view of fuel economy it is un- 
desirable that station sizes should fall below the 
10,000 kw. line. 

The figures are given relating to groups of stations 
classified according to size, thus, the first group has 
an annual output of over 200 million units, the 
second an output of between 100 million and 200 
million units, the third between 50 million and 100 
million units and so on. If the figures are taken 
and average fuel consumption per unit is plotted 
against station size, a very instructive curve is 
obtained. This shows an almost horizontal but 
slowly rising line as station output falls from 200 
million to 25 million units. Round about 10,000,000 
units output the curve sharply changes its direction 
and tending to become vertical rises very rapidly 
as output falls. The curve thus illustrates that at 
about 10,000 kw. of installed capacity lies the 
point above which reasonable fuel consumption 
may be expected and below which figures are likely 
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to be obtained which, although they may be credit- 
able in the circumstances of any individual case 
none the less mean that fuel is being wasted. As 
examples of the figures which are actually being 
obtained it may be said that the average fuel con- 
sumption per unit generated of the 100 million to 
200 million unit stations is 2-41 lbs. and for the 
24 million to 5 million unit stations 5-03 Ibs. 
Although these figures clearly illustrate the greater 
fuel economy of the larger station they may perhaps 
as they stand give an incorrect idea of the average 
efficiency of generation in the country. As has been 
stated, 80 per cent. of our stations have an installed 
capacity of less than 10,000 kw., but it is important 
to note that less than 20 per cent. of our current 
is generated in this 80 per cent. of stations. 

The document from which we have been quoting 
is entitled ‘Generation of Electricity in Great 
Britain. Year ending March 31, 1922.” It may be 
obtained from the Secretary of the Electricity Com- 
mission for ls. and should be in the hands of all 
station engineers. The publication contains much 
of value, but that value might be considerably 
added to in issues of future years with comparatively 
little expense and trouble. Among the various 
tables there is one which gives the best results for 
each size of station in each area. This should be 
useful and instructive to the station engineer since 
all such officials can thus know the best that is 
being done for their particular size of station in 
the country, and also the best that is being done in 
each area. The engineer whose station has an 
output of between 10 million and 25 million units— 
and there are 65 such stations—may thus learn that 
in the London and Home Counties District there is 
a station of this size which is generating at 2-04 
Ibs. of coal per unit with a thermal efficiency of 
15-20 per cent. The next best result in this class 
is a figure of 2-19 lbs. of coal with a thermal efficiency 
of 14-95 for a station in the North East Midlands 
District. This sort of information is useful, but it 
would be enormously more useful if the names of 
these best stations were given. A mere figure of 
coal consumption is not of much use for purposes 
of comparison unless the conditions under which 
the figure is obtained are known. The stations 
with which an engineer wishes to compare his 
own are those more or less similarly placed with 
reference to age and type of plant, cooling water 
facilities, &c., and if the names of the best stations 
were given this information would become at once 
available. It is not at all necessary for the report 
to contain particulars of the stations—that infor- 
mation is available in many places—but if the 
names were given, figures could at once be related 
to the conditions under which they have been 
obtained. Such related information would be of 
great value throughout the profession and would 
probably for instance, accentuate the great import- 
ance of proper coal and water measuring arrange- 
ments in achieving good coal consumption results. 














THE SHIPBUILDING INDUSTRY. 


Tuat the expectations of increased activity in the 
British shipbuilding industry referred to on page 51 
ante were not ill-founded is evident from the statistics 
just issued by Lloyd’s Register for the quarter 
ended on March 31 last. For the first time in the 
last two years, the tonnage of merchant shipping 
under construction in Great Britain and Ireland is 
higher than was the case in the previous quarter, 
although it must be admitted that, so far, the excess 
is not very marked. The tonnage now in the ship- 
builders’ hands in this country amounts to 1,492,138 
tons, which is about 23,500 tons (1-6 per cent.) 
more than the corresponding figure at the end of the 
December quarter, but about 744,000 tens (334 per 
cent.) less than that for this time last year, when 
the work in hand amounted to 2,235,998 tons. The 
current figure, however, still includes a considerable 
amount of tonnage on which work has been sus- 
pended, about 181,000 tons being now held up, but 
this figure compares very favourably with that 
for the end of the December quarter, when work was 
suspended on about 348,000 tons. Work is therefore 
actually proceeding on some 1,311,000 tons of ship- 
ping in British and Irish yards, but this figure, it 





should be pointed out, is 579,000 tons, or about 
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30 per cent., less than the average of 1,890,000 tons 
for the four quarters immediately preceding the war. 

The most significant feature of the quarter, from 
the point of view of the immediate future of the 
industry, is the fact that a very material increase in 
tonnage commenced has to be recorded. During 
the quarter just completed, the new ships laid down 
aggregated 355,203 tons, which exceeds the corre- 
sponding figure for the December quarter by 
124,016 tons. For some time past, the depression in 
the industry has been indicated by the fact that the 
tonnage commenced during each quarter has been 
less than the tonnage launched, and as recently as 
the last quarter of 1922, the difference amounted to 
over 29,000 tons. In the quarter under review, 
however, the tonnage commenced was greater than 
that launched. by 126,832 tons, and this fact is the 
clearest evidence of the improvement in the ship- 
building industry resulting from returning confidence 
on the part of shipowners, 

The tonnage now classed as under construction, 
viz., 1,492,138 tons, includes 370 vessels. of which 
319 are steamers making 1,330,204 tons, 32 are 
motor ships with a total tonnage of 157,784, and 19 
are sailing ships and barges accounting for 4,150 
tons between them. Of the steamers building, 
29 exceed 10,000 tons each, and 7 of these are of 
over 20,000 tons; one motor ship exceeding 15,000 
tons is also being built in this country. The tanker 
tonnage in hand has declined during the quarter, 
the vessels of this class now building numbering 21 
and having a total tonnage of 137,520, as compared 
with 31 ships, making 204,704 tons, at the end of 
December last. 

The work in hand at the more important centres 
shows an increase in most cases, though Glasgow 
and Belfast are notable exceptions. At Glasgow 
the tonnage under construction has fallen off from 
382,454 tons at the end of December to 368,272 tons 
at the end of March, i.e., by 14,182 tons, but 
the work at Greenock has increased by 42,185 tons, 
from 122,270 tons to 164,455 tons, in the same period. 
At Newcastle the tonnage now building amounts to 
276,781, an increase of 11,684 tons on the figure for 
December last, while for Belfast a decline of 20,310 
tons, from 230,080 tons to 209,770 tons, has to be 
recorded. The current figures for Sunderland, 
Middlesbrough, Liverpool and Barrow are 119,753 
tons, 95,247 tons, 55,560 tons, and 46,700 tons, 
respectively, all of which are higher than those for 
December. Work at Hartlepool and Hull has also 
increased during the quarter, the former port now 
having 41,367 tons in hand and the latter 33,332 
tons. 

In general, but little improvement is yet noticeable 
in the position of the foreign shipbuilding industry, 
the tonnage of merchant vessels nominally under 
construction abroad having declined still further 
during the quarter. At present the tonnage in the 
hands of foreign shipbuilders amounts to 1,367,934, 
which is 117,785 tons, or 8 per cent., less than the 
figure at the end of December last, viz., 1,485,719 
tons. The fact that the tonnage upon which work 
has been suspended has also diminished during the 
quarter from 216,000 tons to 148,000 tons, however, 
is probably the first indication of a return to more 
healthy conditions. The tonnage now classed as 
under construction in foreign countries and British 
possessions includes 322 steamers making 1,181,585 
tons, 86 motor ships totalling 169,448 tons, and 40 
sailing vessels and barges of 16,901 tons in the 
aggregate. These added to the vessels building in 
this country give a grand total for the whole world 
of 818 ships and 2,860,072 tons now in the ship- 
builders’ hands. Of this tonnage work is actually 
proceeding on about 2,531,000 tons, and this figure, 
we may point out, is some 915,000 tons, or 26} per 
cent., lower than the pre-war record figure of 
3,446,558 tons reached in June, 1913. 

Nearly 25 per cent. of the tonnage building 
abroad is under construction in Germany, where 
75 vessels, making 333,427 tons together, are in hand. 
The tonnage figure, however, is less than that for 
the end of the December quarter, which was 416,081 
tons. In France, on the other hand, the tonnage 
building has increased during the quarter from 
188,525 tons to 209,581 tons, the latter figure 
representing rather more than 15 per cent. of the 
total tonnage building abroad. The work in hand 
in Italian yards now amounts to 185,001 tons, 





while the United States and Holland are building 
173,762 tons and 121,321 tons, respectively. Japan 
comes next with 83,357 tons of shipping under 
construction, and the figures for the other countries, 
in order of magnitude, are as follow: Spain, 54,617 
tons ; Sweden, 45,909 tons ; Denmark, 45,169 tons ; 
British Dominions, 45,035 tons; and Norway, 
36,349 tons. Of the total given for the British 
Dominions, Australia accounts for 20,850 tons, 
Hong Kong for 13,500 tons and Canada for 9,485 
tons. 

Twenty of the vessels building abroad are of over 
10,000 tons each, and three of these (one building in 
Germany and two in Italy) exceed 20,000 tons. 
Another of the ships building in Germany has a 
tonnage of over 15,000 and 4 other German ships 
exceed 10,000 tons; France is also building 5 ships 
of over 10,000 tons each. The tanker tonnage 
building abroad amounts to 110,273, comprised in 
23 ships, so that, with the figures given above for 
Great Britain and Ireland, there are now 44 vessels 
of this class, making 247,793 tons in the aggregate, 
under construction in the whole world. The figures 
given for tankers, it should be explained, do not 
include vessels of less than 1,000 tons each, but in 
spite of this, vessels for the transport of oil in bulk 
constitute nearly 9 per cent. of the world’s ship- 
building work on a tonnage basis. In the case of 
Great Britain and Ireland alone the proportion is 
just over 9 per cent., while for the United States it is 
nearly 20 per cent. 

In conclusion, we may remind our readers that 
the tonnages mentioned above are gross in all cases, 
and that the statistics compiled by Lloyd’s Register, 
from which they have been taken, do not include 
vessels of less than 100 gross tons. Finally, as an 
indication of the magnitude of that society’s opera- 
tions, it may be of interest to add that more than 
50 per cent. of the tonnage now building in the whole 
world is under the inspection of Lloyd’s surveyors 
for classification in the Society’s Register, while for 
Great Britain and Ireland alone, the proportion 
amounts to over 73 per cent. 





THE TRANSHIPMENT OF FREIGHT. 


In the distribution of the products of industry 
a certain amount of transhipment is inevitable, if 
conveyance is by railway or by water. The only 
system of transport which avoids transhipment is 
that by road, which, within limits, provides an 
economically feasible door to door service. What- 
ever the possibilities, however, of road transport, 
there will always be a great deal of traffic attracted 
to the railways either on account of rates, or because 
of the distance involved, and in such cases tran- 
shipment is usually necessary, if for no other reason, 
in connection with collection and delivery. Trans- 
port by water commonly requires similar practice, 
though developed slightly differently, but both 
cases affect the shipper in that such additional 
handling involves delay, increases the liability 
to breakage, and therefore necessitates stronger 
packing than would be required if goods could be 
delivered to the consumer direct from the factory. 

Much of the transhipment necessary on the 
railways has to be done at small stations at which 
it is impossible to provide expensive installations 
for handling freight. Many of these stations are 
provided with a simple loading bank with some 
rather antiquated pattern of hand-operated crane. 
The amount of work which such a crane has to per- 
form does not warrant its replacement by a more 
modern power-driven appliance. The actual saving 
in lifting time, in the year, would be too small to 
counterbalance the added charges due to the higher 
cost of the more modern device. At larger stations, 
however, the situation is more in favour of the 
newer appliances, and this becomes more and more 
the case as traffic is specialised, thus ensuring the 
employment of the facilities to the full capacity. 
Such cases as these do not present great difficulties 
in solution. Special yards or freight-handling 
stations are quite amenable to intelligent treatment 
on modern lines. The real difficulties from the 
railway engineer’s point of view arise in two con- 
nections. Of these the first is the terminal, or 


receiving or destination point, handling miscel- 
laneous large and small freight, and the second is 





the tranship station, which is introduced into 
operation purely as a traffic convenience. 

The complications which transhipment involve 
in railway traffic were discussed in papers read 
last Friday before the Institute of Transport by 
Mr. J. Rostern and Mr. C. Bentham. The former 
took up operating points and the latter labour- 
saving appliances. The difficulty in discussing 
this subject lies in the fact that no two points have 
the same class of traffic to handle. The traffic 
manager demands labour-saving appliances either 
with a view to curtailing the wages bill, or to in- 
creasing the output or rate of handling. These 
demands can as a rule be met by the engineer. In 
fact, the latter can generally work out some means 
of doing anything in this way which the traffic 
people express a wish for. The whole point to be 
decided, however, is whether the appliances required 
to effect the desired object can be introduced and 
operated in a way which will result in a saving. 
With a heterogeneous collection of goods to handle 
it can often be shown that plant capable of dealing 
equally promptly with all would be out of the 
question. The solution then is by way of compro- 
mise, giving greatest facilities for the most important 
traffic, and falling back upon cruder methods for 
the rest. 

The railway engineer is quite as conversant 
as others with the modern types of cranes, telphers, 
conveyors, and so on, but his problems are very 
different from those of the designer of factories. 
It will often happen that facilities he may provide 
for one traffic will even interfere with another. 
Cheap pillar cranes obstruct platforms. They can 
best be avoided by the use of overhead travellers 
or elaborate telphers, both of which, however, are 
far more costly to install, and consequently may not 
be allowable, even if structurally possible. Con- 
veyors, again, will handle miscellaneous freight up 
to a certain size, but the necessity may constantly 
recur for handling packages which are bulky, 
and then the existence of the conveyor on the 
platform may be a nuisance. At the larger stations 
there is probably as a rule a quantity of freight 
which can be handled by conveyor, but the mixed 
character of most of the traffic makes it difficult to 
introduce any one system as a solution. The 
overhead crane or telpher is probably the best 
means of handling irregular and bulky freight if 
quantities are sufficient to warrant the cost. In 
many cases this is well covered, and some of the 
modern goods stations are well equipped with these 
means. 

Probably one of the most important of recent 
introductions has been electric trucking. A good deal 
of man-handling into and out of wagons is inevitable 
in transhipping and has to be done whether mechani- 
cal transport is used or not. The electric battery 
truck does not reduce the time for this operation, 
but it does reduce the time of the journey to another 
part of the station and back. Given a good floor 
and rubber tyres the speed with which these little 
appliances can be worked, and their handiness, 
make them greatly superior to the push barrow, and, 
as frequently happens when a man is entrusted with 
a mechanical apparatus, the operator often takes 
a pride in manceuvring smartly, while a man with 
a barrow would take the same movement in a most 
leisurely, not to say lethargic manner. The 
decreased demand upon the store of human energy 
enables working to be maintained at a high rate 
to the end of the day, instead of falling-off badly 
as with barrow-men after the first few hours. The 
simple truck has plenty of advantages, but these 
can be enhanced by the use of stillages and trailers, 
enabling the expensive portion of the equipment to 
be more incessantly occupied. Another strong 
recommendation in favour of the use of these little 
appliances is their mobility. An overhead crane or 
telpher system, once installed is a permanent 
addition to the standing charges of a terminal. 
If the service warrants them and they prove advan- 
tageous on the whole their purpose is served. But 
there are innumerable instances in which the 
engineer, with his eye on operating costs, can get 
no clear indication as to the possible result of per- 
manent changes when traffic is mixed. The safe way, 
then, is to retain existing methods till further data 
are available. On the other hand the little electric 





battery truck can be introduced practically any- 
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where at small expense, and if the work of the 
station does not prove sufficient to give it employ- 
ment it can be moved elsewhere with practically no 
loss. In its special sphere therefore one would 
expect the battery truck to make a good deal of 
headway, and the authors of both the papers read 
last Friday, to which we have referred above, 
appear to consider it favourably. In fact, both 
recommend it, while Mr. Bentham gave instances 
of actual saving in labour and of speeding-up of 
operations, thus reducing congestion. 

The transhipment of goods for expediting traffic 
working has been more highly developed in this 
country, we believe, than in any other. It is hardly 
possible anywhere else in the world to find so good 
a service for small freight as we have here. In some 
countries so long as it is a question of transport 
between stations on a main line the time taken to 
deliver may be reasonably short, but we believe, 
even 80, itis not reduced to the periods common here, 
while only with us can a cross-country service be 
found working with such celerity. This has only been 
rendered possible by two means. Of these the first 
is a very highly organised system of transhipping, 
and the second is by allowing wagons to go forward 
with only a small load. Both methods are 
admittedly expensive, and from the railway 
operating point of view it would be well if the 
traders could be induced to ship by methods which 
would reduce the need for them. It is common 
practice to allow a wagon to go on to its destination 
if it contains a ton of freight. This is only defensible 
on the ground that it gives the trader an excellent 
service. With small lots of freight, for quite a 
large portion of the traffic transhipment is necessary 
to accumulate even this quantity for a destination. 
Fortunately the organisation can be so developed 
as to give better paying lots, and transhipped 
freights as a rule make up good wagon loads. 
The precise point where transhipping pays better 
than letting a partly-loaded wagon go forward is 
largely indeterminate, and practice is governed by 
circumstances. The extra movement causes delay, 
entails additional labour and adds to the risks 
of damage, and so is to be avoided by the companies 
if possible, and the low minimum load is set with 
these points in view. The two, combined with 
discretion, can be operated to give an excellent 
service, but if traders would ship on selected days, 
or hold their consignments till larger lots had 
accumulated, cheaper transport would be possible. 
The tranship service already highly organised will 
possibly be further developed under the new grouping 
system. Under the older system the co-operation 
between the railways was good ; now it should be 
possible to work within each group, and interchange 
between groups, without any difficulty. 








NOTES. 
Tue ASSOCIATION OF ENGINEERS—IN—CHARGE. 


Tue twenty-third annual dinner of this society 
was held last Saturday evening at the Holborn 
Restaurant, the members and guests to the number 
of about two hundred being received by the Presi- 
dent, Dr. H. S. Hele-Shaw. In proposing the 
toast of “‘ Research and Practice,” Captain Riall 
Sankey mentioned that in connection with the 
work of the Alloys Research Committee, Dr. Rosen- 
hain had made a discovery so important to steel- 
makers that the leading engineering institutions 
acting in conjunction with the Royal Society were 
arranging for further investigations. He sug- 
gested that the recently appointed Joint Engineering 
Council should be the authority to prevent un- 
necessary overlapping of the work of different 
research associations, and hinted that the Joint 
Council might soon be enlarged by representatives 
of more than the four institutions which now formed 
it. In his reply to the toast, Mr. Frank Gill, 
President of the I.E.E., mentioned that twenty-one 
years ago telephony was limited to 400 miles on 
open wires and 30 miles by cable. To-day, solely 
as the result of research, speech by cable was pos- 
sible up to distances of 2,000 miles, and over open 
wires up to at least 10,000 miles. Phantom circuit 
working also owed its development to research 
workers. Twenty-one years ago four wires could 
only carry two simultaneous conversations, whereas 


now they could carry 27 conversations. These 
developments had saved the world 10,000,0007. per 
annum. The toast of “The Association” was 
proposed by Engineer Vice-Admiral Sir George 
Goodwin, who emphasised its usefulness as a means 
of promoting interchange of knowledge and opinion 
among men who were confronted with similar 
practical problems. In his reply, the president 
stated that the Incorporation of the Association 
was now very nearly an accomplished. fact. The 
Board of Trade would consult the Institution 
of Mechanical Engineers on the matter, and Dr. 
Hele-Shaw assured the members that the council 
of that institution might be relied on to do every- 
thing possible to hasten the work. In reply to 
the toast of ‘“‘ Our Guests,” proposed by Captain 
H. J. Wellingham, Mr. H. Baines, Chief Mechanical 
and Electrical Engineer of the Office of Works, 
described the effects of the reorganisation of his 
department, which was responsible for matters 
concerning the comfort of officials in more than 
4,000 buildings throughout Great Britain. The 
maintenance staff had been entirely separated from 
the construction staff and a definite system of cost- 
ing had been established, so that the cost of similar 
jobs carried out at different times or in different 
places could be intelligently compared. The health 
of the president, proposed by Mr. Wm. McLaren, 
Chairman of the Association, and supported by 
Captain A. E. Penn, the Hon. Secretary, in appro- 
priate speeches, was enthusiastically honoured, and 
after Dr. Hele-Shaw’s acknowledgments, the evening 
terminated with a musical entertainment. 


DANGERS OF LEAD PAINTING. 


The report just issued by the Home Office 
Departmental Committee on Industrial Paints, 
practically cancels the prohibition of lead paints 
recommended by the two cognate committees of 
1911, substituting for it certain -precautionary 
measures essentially in accord with the Draft Con- 
vention of the International Labour Organisation 
of the League of Nations, Geneva, 1921, with which 
the Government will have to deal next month. In 
1911 the Committees on House Painting and on 
Vehicle Painting had deliberated separately, because 
vehicle painting is conducted under factory inspec- 
tion, which the conditions of house-painting exclude. 
The Office of Works had not at that time opposed 
prohibition of lead paint having, in 1907, adopted 
what was practically a leadless composition for the 
painting of Government buildings. Much of the evi- 
dence brought before the present committee, of which 
Sir Henry Norman, M.P., was chairman, by the 
Office of Works and by other bodies and experts, 
was not favourable to leadless paints. But the 
evidence was neither concordant, nor conclusive, 
and the committee acknowledge the desirability of 
further research, especially in view of the fact that 
during the long war period painting was much de- 
layed and largely carried out by inexperienced hands 
with inferior materials. The ever-changing and 
uncertain number of house painters is very roughly 
estimated at 150,000. Before the war, the lead- 
attack rate per 1,000 per year was 4-5, against 
26 and 27 in white lead and accumulator works. 
Since 1913 and 1914 the number of lead-poison cases 
among house painters has dropped from 248 and 207 
to 52 in 1916 and 42 in 1921; but the numbers of 
fatal cases in those years were 31, 35, 15, 15, showing 
the cumulative dangers of lead. The suggestion that 
some cases of poisoning attributed to lead might 
be due to the turpentine in the paint, was rejected 
by the committee, though some dopes are certainly 
poisonous. On the other hand they agree that lead 
sulphates containing lead oxide are hardly less 
dangerous than white lead (basic carbonate). The 
chief danger no doubt lies in the dust, given off by 
the dry paint and during the scraping of old coatings. 
To meet this the committee would only use lead 
paste or paint ready for application; they would 
avoid spraying processes, and insist that the scraping 
and rubbing be not done in the dry. It was pointed 
out that the leadless paint of some war-time buildings 
had worn very badly, whilst lead-painted houses 
kept well, and that in some cases the original coating 
of lead paint underneath the later coats was found 
in good condition; that may partly be due to 
workmanship. Some zinc white manufacturers, 





however, were not ready to recommend their own 


product for external priming. While the Midland 
Company still finds the leadless unvarnished paints 
of their wagons satisfactory, other railway com- 
panies prefer lead paints, as the Admiralty does 
for general purposes. The committee approve of 
the draft regulations which the Home Office has 
drawn up in collaboration with the Painters’ and 
Decorators’ Joint Council of Great Britain, to give 
effect to the Geneva Convention. We have already 
mentioned some of those recommendations; there 
are further sanitary precautions, and “‘ where the 
Chief Inspector of Factories gives notice to an 
employer that the incidence of lead poisoning 
among his painters is excessive, the employer shail 
make arrangements for periodic medical examina- 
tion.” That can hardly be called drastic interference 
with the trade. The public may simply interpret 
the report as an admission of the failure of leadless 
paints, which we should consider premature. 


OILFIELD DIFFICULTIES IN MEXICO. 


The ‘History of One of Mexico’s Earliest and 
Largest Wells,’ which Mr. A. E. Chambers, 
A.M. Inst.C.E., related to the Institution of Petro- 
leum Technologists last Tuesday, well illustrates 
what engineering skill, daring and perseverance can 
achieve in apparently hopeless fights. The drilling 
of the well Potrero No. 4, generally known merely 
as one of the largest of Mexico’s enormous oil 
producers, was commenced near Tuxpam, in the 
State of Vera Cruz, in June, 1910; no particular 
difficulty was experienced; but this was almost 
the first big British oil undertaking in Mexico, and 
no drilling valve was available. When, on Decem- 
ber 17, 1910, oil was struck, the stream of blackish 
oil and gas at 174 deg. F.—the common oil tempera- 
ture there—and a pressure of 825 lb. per square 
in., rose to hundreds of feet ; the oil destroyed the 
derrick, soaked everything all round to a distance 
of a mile, and the Buena Vista River carried away 
about 100,000 barrels of oil per day, most of which 
had to be burnt lower down at safe distance. By 
January 25 a bell nipple had been fixed, with a metal- 
to-metal joint, over an 8-in. swedge nipple screwed 
into the mouth of the 10-in. casing, which simply 
rested down below, at a depth of 1,911 ft., on lime 
rock, and which remained firm during all the 
subsequent troubles. When the nipple device, with 
its two valves and a T-piece over the cap, had been 
pulled into vertical position by winches 200 yards 
away from the well, the oil flowed through 800 yards 
of 6-in. pipe into earth storage tanks meanwhile 
excavated. But for weeks the men had had to work 
in the deafening roar of a perfect deluge of oil and 
poison gas which inflamed their eyes and which 
they could not bear for more than a few minutes at 
the time, and all the while they had the dread of 
accidental or wilful fire. To guard against the latter 
—Mexico was in revolution—the well was surrounded 
by aconcrete house. When the well had been pro- 
ducing for 24 years, serious seepages of oil and gas 
appeared over a large area, partly due apparently 
to the fact that the oil was forced down the well 
again through the annular space between the 10-in. 
casing and the inner 8-in. string. and up once more 
outside. To stop that passage by means of a lead 
packer, some concrete had to be removed, and while 
this was done lightning set fire to the well on 
August 14, 1914, and soon the whole area was 
burning. The nipple started leaking badly, but the 
iron did not melt. The burning seepage pools were 
stifled by means of earth, water, steam from 60 steam 
boilers, and chemicals, and in spite of the departure 
of most Europeans (owing to political troubles), the 
remaining engineers and many Mexican labourers 
succeeded in hemming in the terrific fire by an 
earth wall, of 128 ft. by 164 ft., 18 ft. high, finally. 
An attempt to stifle the flames in the crater by a 
perfect deluge of foam, steam and water failed 
completely ; but by dumping rubble down and 
placing sheet iron, into which many gas pipes were 
fitted, the oil fire was extinguished after a fight of 
24 weeks. Gas was still burning; but by March, 
1915, the whole crater was capped with concrete, and, 
apart from the flares, the well was once more under 
control. For three years then, till December, 1918, 
the well was quietly producing, when a brownish 
emulsion of asphaltic oil and sea water (54 per cent. 





of water) came up, work had to be given up as 
hopeless. So it was decided to close down the 
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well. That was accomplished, after many difficulties 
and spontaneous reignition of the gas, with the aid 
of a device previously tried. Drilling through the 
concrete at a slight slope, the casing was tapped, 
200 ft. below level, by a 4-in. bit, and the well was 
filled with Indian corn and cement to which some 
jute, in pieces 3 in. long, was added. Several lives 
were lost, two during the fire. Mr. Chambers, 
who shared the risks, attributed the remarkable 
achievement mainly to the late Mr. J. 8. Smith, 
and the late Mr. T. H. Vaughan, also to Messrs. 
A. P. Laurie and S. Weaver, and to Lord Cowdray. 
The well had yielded more than 100,000,000 barrels 


of oil. 





DIESEL ELECTRIC SHIPS. 


In a paper read before the Institution of Engineers 
and Shipbuilders in Scotland on the 10th inst., 
Mr. W. J. Besley gave some particulars of the three 
3,000-h.p. Diesel-electric ships now being built by 
Messrs. Cammell Laird and Co. Referring to the type 
of current employed for electric ships, Mr. Besley said 
that obviously alternating current is most suitable for 
turbo-electric drive, but for a Diesel-electric drive for 
smaller powers direct current is attractive, principally 
on account of greater flexibility allowing constant 
speed of the engine irrespective of the speed of the 
propeller. i 

In the three boats which are being built each equip- 
ment consists of four 750 b.h.p. Fullagar-Diesel engines 
running at 250 r.p.m., each direct coupled to a 500-kw. 
220-volt main generator and a 200-kw. 220-volt 
auxiliary generator. The main generators are con- 
nected in series, and drive a double unit 2,500-h.p. 
motor, running at 90 r.p.m., direct-coupled to the 
propeller shaft. The auxiliary load when all the 
refrigerating plant and the hold fans and auxiliaries 
are running amounts to over 500 h.p. The connections 
are so arranged that any of the main generators can be 
used for auxiliary load when in port, say for operating 
the cargo winches, &c. 

When dealing with direct-carrent propeller equip- 
ment of over 500 h.p, in capacity, a variable voltage 
control appears to give the best results, and this is 
employed in the case referred to. In this system of 
control any speed variation or reversal is carried out by 
varying the fields: of the generator, at the same time 
keeping the field of the motor constant. It is well 
known that the speed of a motor (having a constant 
field strength) is proportional to the voltage impressed 
on its armature. If, therefore, the field strength of the 
generators is reduced to zero the motor will stop, and 
if the generator field is built up in the opposite direction 
the motor will reverse in rotation. 

The main connections in this system are such that 
the four main propelling generators are connected in 
series, and each generator is provided with a potentio- 
meter rheostat, the switch arms of which are all 
mechanically geared together and operated from the 
same way-shaft. It will be appreciated that on an 
equipment of this size the rheostats will be of consider- 
able dimensions, and that to operate the switch arms 
quickly by hand would entail considerable physical 
effort. Therefore the way-shaft is worked by a small 
motor, which is operated in turn by a master controiler 
on the control platform, and the control gear is fitted 
with a follow-up device, which cuts the motor out of 
circuit directly the rheostats are in the position indicated 
by the master control lever. The master controller 
is of the reversing drum type, the drum being directly 
connected to the lever, but the body which holds the 
fingers is not held stationary; it is rotated by the 
follow-up device. By the side of the control lever 
are two pointers working in parallel slots, one being 
directly attached to the control lever spindle and the 
other to the follow-up motion, so that, no matter 
how quickly the control lever is manipulated, the actual 
rate of acceleration or deceleration of the propeller 
motor is always dependent on the speed of the rheostat 
operating motor. The quickest speed allowable can be 
found on trials, and, once set, the operator is not able 
to impose undue stresses or loads on the system. 

In addition to the safezuards given to the system 
by the fixed speed of the rheostat motor, further 
protection is afforded by an overload relay and a speed- 
limiting switch on the engines. The overhead relay is 
fitted in the main power circuit, and whenever the 
current exceeds a predetermined value, either when 
accelerating or decelerating ahead or astern, it imme- 
diately interrupts the supply to the rheostat motor, 
and prevents the operator increasing the current 
beyond this point. It is so arranged, however, that if 
the relay interrupts the rheostat motor supply on an 
accelerating load, a movement of the control lever back 
towards the stop point automatically resets the relay 
and allows of a reduction in propeller speed being made. 





The overspeed switch is actuated by the engine governor 
and is arranged to interrupt the power supply to the 
rheostat motor whenever the engine speed causes the 
fuel supply to be entirely cut off. 

If power is cut off from the propeller motor, it will 
continue to revolve in a forward direction due to the 
way on the ship. Therefore, if the motor fields are 
excited, a potential will be induced in the armature 
windings and current will be delivered into the system. 
This power will be dissipated in engine friction. Should 
the power be returned at too great a rate, the result 
would be overloading the electrical portion or an undue 
speeding-up of the engines, but the rate at which 
power is returned to the system is entirely dependent 
on the speed at which the field rheostats are operated, 
and consequently the overspeed switch, which is 
actuated by the governor, safeguards the engine. 

Due to the fact that the power which can he dissipated 
in overcoming engine friction, and the auxiliary load is 
constant throughout the retarding period of the pro- 
peller, while the voltage of the electrical power returned 
by the propeller motor to the system is falling with the 
speed, it is obvious that when the propeller approaches 
zero speed the braking power current may require limit- 
ing. This is taken care of by the overload current relay 
which functions equally well on an accelerating or 
decelerating load, and under any condition when the 
current circulating in the main power circuit exceeds 
a predetermined safe value, the supply to the rheostat 
motor is cut off. Immediately the rheostat motor 
stops, all further increase in the braking load is stopped, 
and, due to the ship itself slowing up in the water, 
the braking load begins to fall off. This allows the 
overload current relay to reset and complete the 
rheostat motor supply circuit. The result is that the 
system is simple to manipulate, and is equipped with 
all the safeguards necessary to prevent the operator 
abusing the equipntent when manceuvring. Overload 
trips and similar electrical devices are not provided, 
it being considered undesirable to allow the possibility 
of a sudden total interruption to the power supply 
such as might conceivably occur when manceuvring. 

It should be borne in mind that marine conditions 
are very different from those prevailing on land, as in 
traction or even ordinary industrial work. At sea it is 
necessary to safeguard the vessel, whereas on land it 
generally suffices to allow the overload to bring about a 
complete shut-down of the electrical machinery. This 
becomes very evident whenever the question of bridge 
control is considered, a problem which naturally appeals 
to an electrical engineer as being fairly easily solved. 
The actual carrying out of a bridge control gear is 
admittedly not a difficult job, but for that matter the 
control of any machinery from a distance is just as easy. 
Due to the peculiar conditions obtaining in an engine- 
room at sea, up to the present at any rate, it has not 
seemed a really desirable feature, and this is principally 
because of emergency conditions which make it 
necessary for the stressing of the machinery to be left 
entirely to the discretion of the engineer. 

In connection with electrical machinery it is significant 
to note that it has become usual to control the propeller 
motor from the engine-room, the operator depending 
entirely on the instruments provided in a panel near 
the lever as a means of knowing the condition of the 
motor. It should be mentioned that the usual practice, 
in a ship where the propeller motor is in a separate 
compartment near the stern, is for one man to visit 
it once a watch. This leads up to the question of 
suitable indicators or instruments. These can be 
divided into two groups, one set for manceuvring and 
indicating the electrical condition of the equipment, 
and those which are used for recording purposes, such 
as integrating watt-hour meters and speed counters. 

The only instruments which may call for any com- 
ments are the four total power indicating meters which 
have scales marked in kilowatts and electrical horse- 
power. These instruments are very similar to the usual 
indicating watt-meters for use in two or three-phase 
power circuits having unbalanced phases, In the case 
under review, one element is connected in the main 
propelling generator and the second element in its 
companion auxiliary generator coupled to any one 
Diesel engine. This enables the attendant to see at 
a glance the total Joad on any particular engine, without 
first having to make a mental calculation of the pro- 
pelling load and adding it to the auxiliary load before 
he knows the true engine load. This is particularly 
useful, because immediately below each total power 
indicator there is placed a hand wheel which controls 
the load-adjusting rheostat. This rheostat is in series 
with that particular main generator field, and by means 
of it the operator is able to vary that particular engine 
set's contribution to the propelling load and to keep 
the engine on full load, irrespective of the load on the 
auxiliary dynamo. 

The integrating watt-hour meters mentioned under 
the second set of instruments, are for use in an exactly 
similar manner to similar instruments in a land 
installation. These should enable the owners to make 





valuable comparisons between different ships, and by 
this means many hitherto unknown factors can be 
analysed, making it easy to see how fuel cost can be 
reduced to a minimum. For instance, if two similar 
vessels give equal performance as regards cargo carrying 
and speed, but one consumes more fuel than the other, 
the power integrated on the two sets of instruments 
will immediately show if it is the engine at fault, 
or if the result is due to defects in the propeller or 
ship’s hull. Incidentally, it will also show up the 
skill of the navigator. 





INDUSTRIAL NOTES. 


Tue Rhondda Federation District Executive called 
off the miners’ strike last Saturday, and the men 
resumed work on Monday. The object of the strike 
was to bring all the men within the Miners’ Federation, 
and the leaders announce that this object has been 
achieved, there being now, practically, a 100 per 
cent. organisation. Since, however, the surface crafts- 
men remain members of the Mechanical Workers’ 
Union, and the recent movement aimed at bringing 
these men also within the Federation, the object of 
the recent strike would hardly seem to have been 
attained, while as most strikes do, it caused useless 
expenditure and inconvenience. The Federation 
leaders appear to be satisfied, and for the present this 
is so much to the good. The coal output for the week 
ended March 31 was 4,873,900 tons; it had been over 
5,700,000 for each of the three preceding weeks. 





The notices by the building trade employers were 
posted last Saturday, as announced would be the case 
last week. They indicate the hours and wages at which 
employment will be open to the operatives as from the 
14th inst. (to-morrow). We have outlined these terms 
in several former issues. A summary of the employers’ 
demand states that “. The result of the working 
of economic circumstances cannot in the long run be 
ignored. Other industries, engineering, shipbuilding, 
&c., have had to recognise the fact and bring down the 
cost of production to a level enabling them to compete. 
The level of wages now paid to building trade operatives 
in A-grade towns is 48 per cent. above the level of 
the building trade operatives employed in the ship- 
building industry; therefore the original demand 
of the building trade employers for a 20 per cent. 
reduction in A-grade towns was comparatively 
moderate. Much more moderate still is the present 
reduced demand, made for the purpose of avoiding 
strife, of 10 per cent. in A-grade towns, and of 7} 
per cent. and 5 per cent. in lower-grade towns, which 
would still leave 1s. 6d. per hour to craftsmen and 
1s. 14d. to labourers, as against 1s. 14d. paid to crafts- 
men in the shipbuilding industry. In other industries 
the working week is 47 hours; hence the employers’ 
demand for a 47-hour week in summer, leaving the 
winter hours as they are The decreased cost 
of production will result in a larger demand for building, 
thus absorbing unemployed labour and assisting in 
providing the housing so much needed by the workers. 
These are the objects of the employers in pressing their 
present demands. The employers are, and always 
have been, prepared to refer the whole of the matters at 
issue to arbitration.” 

The Federation of Building Trades’ Operatives, to 
which 14 unions are affiliated, held a meeting on 
Monday, at the close of which Mr. George Hicks, the 
president, stated that ‘‘ The full Executive Councils 
have been in session perfecting generally the machinery 
to cope with the possibility of a lock-out of the building 
trade operatives at the end of the present week. The 
following resolution was unanimously passed: ‘That 
we express our confidence in the action taken by our 
negotiators and Disputes Committee, and instruct 
them to explore every avenue possible with a view to 
carrying our cause to a successful issue.’ 

** Further consideration was given to the offer of the 
operatives to submit the interpretation of the Wages 
and Conditions Council agreement to legal adjudicators, 
and that offer still stands. The Operatives’ Central 
Disputes Committee will remain in session for the whole 
of the week, and will be available and willing to engage 
in any negotiations with a view to preventing the 
disaster of a building trade lock-out.” 

A meeting was held on Wednesday between the 
employers and operatives, but no settlement was 
arrived at. 





Speaking last Monday at Kingsway Hall, at a mass 
meeting of all grades of railway staffs, Mr. J. H. Thomas 
stated that there were about 110,000 railway shopmen ; 
the majority of these were members of the National 
Union of Railwaymen, whilst a minority were divided 
over at least 28 other unions. He deprecated this 
lack of unity. He spoke against the cut of 6s. 6d. in 
the war bonus demanded by the railway companies, 
and advocated negotiation. He thought the question 
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might be dealt with by “the negotiable machinery of 
a Railway Wages Board.”’ He believed his suggestion 
would be welcomed by the shopmen themselves and 
would provide the necessary bridge for the crisis. 
“By the application of such machinery,” he added, 
“a fair comparison could be made as to whether the 
railway companies were entitled to adopt the same 
attitude as a private employer who had difficulty in 
keeping the undertaking going.”’ 

Mr. Thomas, as will be seen, is for negotiating the 
point in dispute and against a blank refusal by the shop- 
men, to be followed immediately by a general strike ; 
the country will appreciate the line he has taken. His 
remark concerning the “‘ private employer’s difficulty ”’ 
should be noted. The situation for the railway com- 
panies is not without its difficulties, and these will 
duly be put forward in the course of the negotiations 
should Mr. Thomas’ suggestion be acted upon. 

On the other hand, it is announced that the Executive 
Council of the Amalgamated Engineering Union find 
that no case has been made out for any reduction in 
the already too low wages paid to railway shopmen. 
The railway companies’ balance-sheets, they claim; show 
them to be in a prosperous condition, with huge reserve 
balances, the dividends paid being in excess of those 
paid in previous years. 

A revised proposal by the railway companies, now 
under consideration, provides for an immediate cut of 
3s. 6d. in the outstanding bonus balance, the remaining 
3s. per week to be withdrawn after an interval of 
three months. 


A conference of Cleveland ironstone mine owners 
and representatives of the miners was held at Middles- 
brough last Monday, Sir Hugh Bell, Bart., occupying the 
chair. A general advance of 4} per cent. (from 84 per 
cent. to 884 per cent.) was decided upon for the ensuing 
three months. It was also arranged that the 8-hour 
shift should become operative again, starting from 
Monday, the 16th inst. There is also an advance in 
the rates of wages of the lower-paid able-bodied adult 
datal men. A sub-committee is to deal with a new 
sliding scale standardisation of rates of wages for 
various occupations at the mines and with various 
matters of detail. It is announced that several iron 
ore mines which have been idle for lengthy periods are 
shortly to be re-opened. 

Speaking on Monday at the annual meeting of the 
Clapham Conservative Association, Sir John Leigh, 
Bart., M.P., said the Labour Party in its present form 
was not representative of Labour. There were 716 
registered trade unions, of which 112 only were affiliated 
to the Labour Party. Further, there were 19,500,000 
manual workers in the country, and only 6,500,000 of 
these were affiliated to the Trade Union Congress. 

Following a strike of paper workers employed by 
Messrs. De La Rue on the question of trade union 
recognition, about 600 members of the National Union 
of Printing and Paper Workers employed in the 
Government Stationery Office have ceased work in 
sympathy. The dispute shortly after extended to 
several other firms. A result of the trouble is that the 
issue of a number of Government publications has been 
delayed. These include the London Gazette and the 
Board of Trade Journal. 





A conference is to be held to-day in London between 
the Shipbuilding Employers’ Federation and the 
Federation of Engineering and Shipbuilding Trades, 
to consider the refusal on the part of boilermakers and 
joiners to work overtime and on night shifts on urgent 
repair orders, and thus declining to honour “the 
national overtime and night shift agreement recently 
negotiated and signed between the two parties on behalf 
of all their constituent members,’’ to use the words 
of the employers. The boilermakers and joiners claim 
that they are not covered by the agreement, whilst 
the employers maintain that when this was signed there 
was a definite understanding that all members were 
bound by its terms. 





Tue Institute oF Metats.—The thirteenth annual 
May lecture of the Institute of Metals will be delivered 
on May 2, at 8 p.m., at the Institution of Mechanical 
Engineers, by Dr. W. Rosenhain, F.R.S., the subject 
being “‘ The Inner Structure of Alloys.” 





THE PREVENTION oF HavutacE AccIpENTS.—The 
proprietors of the Colliery Guardian have instituted a 
novel competition for practical suggestions tending to 
greater safety in haulage operations in coal mines. It is 
proposed to restrict the competition to working miners 
and officials, and it is hoped that the present scheme 
may be the precursor of further competitions of a 
similar character covering other operations in mines. 
Particulars can be obtained from the Editors of the Colliery 
Guardian, 30 and 31, Furnival-street, Holborn, E.C.4. 


NOTES ON NEW BOOKS. 


Inquiries into the causes and extent of unemploy- 
ment are always valuable, when made impartially and 
without prejudice, for it may be that disclosures are 
made more directly and willingly when elicited through 
the agency of private inquiry, than when effected 
under Government auspices and machinery. The 
investigation is more elastic, and being unhampered 
by any strict interpretation of the terms of appoint- 
ment, can follow the lines that best promise 
success. This unofficial method was pursued by a 
number of gentlemen, well known in philanthropic and 
social circles, who last autumn prosecuted an inquiry 
in various parts of the country, differing widely in 
social and industrial characteristics, with the view of 
realising the effects of the present acute trade depression 
on the private and public life of the country. The 
results collected in an interesting book, entitled “ The 
Third Winter of Unemployment,’ have been published 
by P. S. King and Son, Limited (price 6s. net), and 
afford abundant evidence of careful examination, 
directness of aim, and freedom from bias. Those 
responsible for the report, like the voluntary collabora- 
tors who conducted the local examination at the 
several centres, were of diverse economic experience 
and differed in their political views. There was no 
consultation between the members or any comparison 
of separate reports, but a large measure of agreement is 
noticeable in their general conclusions. This is rightly 
interpreted as due to the patent similarity of conditions 
prevailing in the various localities, so great indeed that 
it cannot be concealed by local influences or the com- 
plexity of the social problem investigated. This 
general resemblance has apparently decided the 
committee not to print the several reports in full, 
though enough is given to preserve the completeness 
of the local picture. An able summary of the charac- 
teristics presents a clear view of the conditions generally 
obtaining in the country, and permits a broad view to 
be taken of the aspects of the problem. It is with some 
satisfaction that one reads that the absolute physical 
suffering that accompanied the less severe depressions 
of the pre-war years has been prevented, and that the 
progressive deterioration which inevitably attaches 
to the condition of being maintained without work, 
is not yet evident on any extensive scale. This com- 
paratively satisfactory result is, of course, due to a 
more generous grant of outdoor relief, and the working 
of the Insurance Acts—palliative measures that leave 
the root of the matter untouched. No suggestions of a 
thorough penetrating character are offered, the object 
of the present report being exclusively to provide 
objective information of which account must be taken 
in any pelicy. 





The term tiefbau, as used by the compilers of the 
** Lehrbuch des Tiefbaues,”’ edited by Professor Esselborn 
(Leipzig: Wilhelm Engelmann; price 17-50 Swiss 
francs), comprises earth work of all kinds, that is, all 
operations in which masses of earth have to be ex- 
cavated, levelled or piled up. The first volume of this 
work contains sections on surveying; on earthwork 
in general, in dams, landslips and restoration work ; 
on quay and retaining walls; on the laying of founda- 
tions ; on road and street making and the maintenance 
of roadways; on railway construction, permanent 
ways, rail tracks, signal service and stations, and on 
tunnelling. Bridges and canals and marine engineering 
and drainage systems are left to the second volume. 
The first volume, of 836 pages, large octavo, is 
illustrated by 1,475 diagrams; there are copious 
bibliographical references; a good alphabetical subject- 
matter index is given. The compilers of this volume 
are Dr. Otto Eggert, professor of geodesy at Berlin, 
and Professors L. von Willmann and H. Wegele, both 
of Darmstadt. Considering the wide sense, in which 
the term earthwork is applied, the section on surveying 
might have been omitted. The historical notes are 
kept short. The book is commendable as a technical 
compendium. 





Treated as an introduction to the subject of costing, 
for which purpose, the author states, the book was 
written, ‘‘ Costing Organisation for Engineers ’’ may be 
held to fulfil its purpose. It is written by Mr. E. W. 
Workman, B.Sc., has a foreword by Professor A. P. M. 
Fleming, and is published by Sir Isaac Pitman at 
3s. 6d. net. The course of an order is traced from its 
reception to its completion in a readable manner, and 
reasons are given for the various practices dealt with. 
The items which are considered essential to costing are 
laid down, and the various terms defined. There are 
chapters showing how material and labour can be dealt 
with so as to ensure their cost being satisfactorily 
accounted for. A progressive view is taken of the 
question of the distribution of oncosts, the discussion 
on this being of principle rather than of practice. The 
* machine-hour rate method ”’ is recommended, and the 


factory overhead is being increasingly employed in 
engineering works.’’ Under “ office machinery ”’ suffi- 
cient reference is made to mechanical and electrical 
calculating machines to enable a general idea to be 
obtained as to their uses and possible applications. 
We are inclined to think that the reference to “ office 
oncosts’’ as being factors ‘‘ over which the engineer 
and accountant can rarely exercise any control ’’ is apt 
to be misleading. The reference made is really to 
commercial oncosts, and this description would appear 
to be a better one than “office oncost expenses ”’ 
which is used in this connection. The expression 
** office’ is vague; many offices are quite under the 
control of the works’ officials. Under “‘ cost statements 
and returns’’ we note “ratefixers should be supplied 
with a weekly list showing all excessive bonuses which 
have been earned by pieceworkers. This will draw 
attention to those piecework rates which require revision 
when opportunity occurs, and will assist in the setting 
up of new rates.’’ We see no objection to such a list 
being supplied, but the reason given is bad. It does 
not follow that an “‘ excessive ’’ bonus—whatever may 
be held to constitute excess—necessarily implies an 
error in the piecework rate or the need for revision ; 
it may reflect a clever workman, and thus justify an 
additional reward rather than the infliction of a penalty. 
Investigation should be the keynote. There are a 
number of illustrations and forms, but the book is not 
over-burdened and made wearisome with these, as is 
often the case. 
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THE GALITZIN SEISMOGRAPHS. 


CONSTRUCTED BY THE CAMBRIDGE AND PAUL INSTRUMENT COMPANY, LIMITED, NEW SOUTHGATE, LONDON. 











Fie. 1. 
_ZONTAL COMPONENTS OF DISTURBANCE. 


SEISMOGRAPH FOR INDICATING THE HorI- 























Fic. 2. SEISMOGRAPH_FOR INDICATING THE VERTICAL COMPONENTS 


oF DISTURBANCE. 











Fia. 3. 


Tue Galitzin seismographs which we illustrate on 
the present page and pages 475 and 476, are the first 
machines of this type constructed in this country, and 
they will not remain in England. A full set of these 
machines comprises a horizontal component seismo- 
graph, a vertical component seismograph and electro- 
magnetic recording devices. In their essential features 
these new instruments closely resemble the machines 
which the late Prince Boris Galitzin, director of the 
Meteorological Service of Russia—who died on May 17, 
1916—designed and installed .in the Pulkovo Observa- 
tory, near Petrograd, in 1908; the recording devices 
which were fitted were however due to Mr. G. 
Masing, mechanician to the Imperial Academy of 
Science. The Galitzin machines, which are in opera- 
tion in the Eskdalemuir Observatory, Dumfries, 
Scotland, also came from Petrograd. The Cambridge 
and Paul Instrument Company, Limited, which con- 
structed the machines we are going to describe, in 
their works at New Southgate, have introduced some 
modifications, especially in the galvanometer and 








RECORDING APPARATUS FOR REGISTERING THE INDICATIONS OF EITHER 
Form oF SEISMOGRAPH. 


recording mechanism. Compared to the simple Milne 
and Milne-Shaw seismographs, which have become so 
widely known and appreciated, the Galitzin machines 
are elaborate and expensive; some introductory re- 
marks are therefore required to explain the advan- 
tages of the more complex instruments. 

Seismographs are instruments designed for recording 
earth tremors. Near the origin of an earthquake 
delicate instruments may be unnecessary ; in countries 
like Italy, which are exposed to frequent shocks, some- 
what crude instruments are therefore still in use to a 
certain extent. The delicate instruments with which 
we are dealing are intended to record the generally very 
small disturbances which long earthquake waves cause 
at spots remote from the origin. When a point on the 
earth surface is displaced by a shock, the translation 
may be referred to three axes, the north-south and the 
east-west components in the horizontal plane and the 
vertical component, There are further rotations about 
these three axes. Near the origin these movements 
may be very strong and peculiar. In the far distance 


the actual displacements due to the earthquake 
waves, kilometres in length, usually amount to frac- 
tions of a millimetre, though strong earthquakes have 
thrown the booms of seismographs completely off 
their scales, and the interpretation of the curves 
obtained still remains very difficult. 

For economical reasons most of the existing seis- 
mological observatories are only equipped with instru- 
ments recording the horizontal movements. . For rota- 
tional displacements recording instruments have not up 
to the present been developed. The simple pendulum 
can, however, indicate horizontal and also angular dis- 
placements, and all seismographs are in fact pendulums. 
We must not overlook, however, that when a pendulum 
is suspended from a fixed point above a platform, and 
a pen is attached to the bob to write on a card lying 
on the platform, both the point of suspension and 
the card will be moving; the actual displacement 
observed is the difference between the two movements, 
and the amplitude of the curve-waves need not 
directly accord with the amplitude of the actual move- 
ment. For if we move the platform by hand in unison 
with the period of the pendulum, we can easily make 
the pendulum describe large arcs, though the shift 
of the platform is relatively small, and on the other 
hand we may keep the pendulum almost stationary 
in spite of our moving the platform through large 
distances, provided that motion be slow. The simple 
pendulum has other drawbacks. It will swing in any 
azimuth and will not register any particular component ; 
moreover, its period is too short for the long period 
of elastic earth waves, unless we use a pendulum of 
inconvenient length. 

In order to reduce the pendulum length and at the 
same time diminish the influence of gravity on the 
control of the pendulum, we change the axis of rotation 
of the pendulum from the horizontal into a vertical 
position. With a truly vertical axis the pendulum 
would be unstable. In the diagram, Fig. 4, the axis 
A B makes the small angle + with the vertical AV, 
and the mass W attached to the pendulum swings in a 
nearly horizontal plane. Such pendulums, provided 
with sharp points A and B at the ends of the 
axis, turning in agate cups, were used by Rebeur- 
Paschwitz and O. Hecker; the mass W used by them 
had the weight of 1 kg. only. The horizontal boom of 
Milne, bearing with its inner end against a cup in the 
pillar, and further supported by a wire stretching from 
a point higher up on the pillar to the small weight on 
the boom, is well known, and the later improvements 
which Mr. J. J. Shaw has effected in the Milne instru- 
ments, have been noticed by us in connection with the 
proceedings of the British Association Committee on 
Seismological Investigations. The Omori and _ the 
Bosch pendulums are modifications of the Milne 
instrument. 

The astatic inverted vertical pendulum of E. Wiechert 








differs from all these. A heavy mass, weighing 
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tons sometimes, is supported on a rigid vertical rod, 
which turns about a pivot in the bed-plate (the 
pivot is really replaced by Cardan springs to reduce 
friction) and bears above the recording style; the 
pendulum would be unstable, but the mass is placed 
between helical springs or a pair of pistons which hold 
it up. There are some Wiechert horizontal component 
seismographs at Eskdalemuir, but they have not been 
in operation for some time. 

In the Galitzin instruments the horizontal pendulum 
is suspended on the Zéllner method as _ indicated 
in Fig. 5. From the fixed points A and B (on the 
pillar) are stretched two wires AC and BD, to two 
points of the pendulum rod which beyond D carries the 
mass W and further out parts of the recording device 
to which we shall presentl¢ refer. The length C D is 
made short; the axis of rotation is almost vertical 
and the pendulum nearly horizontal. When we 
hinge the rod at C, dispensing with the wires, but 
support the weight by a spiral spring extending from 
the pillar to the weight, the instrument can be used for 
recording vertical movements, and this is done by 
Galitzin. Thus horizontal pendulums can record both 
the horizontal and the vertical components. Zéllner’s 
suspension was first used by Hengler, of Miinchen, 1831, 
in his ‘‘ astronomic balance,’’ which he used for measur- 
ing the gravitational pull of the moon. The distinctive 


Fig.5. » 
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features of the Galitzin instruments are the electro- 
magnetic and optical recording devices—which admit 
of separating the pendulum from the indicating 
mechanism—and the electromagnetic damping. Arti- 
ficial damping of the pendulum is needed to counteract 
the influence of the instrumental oscillation on the 
seismic records; but the damping must not impair 
the sensitiveness of the machine. In the Galitzin 
instrument the pendulum ends in a copper plate 
P,, which swings in the horizontal gap between an 
outer pair of horseshoe magnets m, and mp. Foucault 
currents are set up in the plate as it moves, and this 
damping is proportional to the speed of the move- 
ment, and hence to the rate of angular displace- 
ment of the pendulum. In order to obtain a record 
there is further, at Po, a coil (or a number of coils) 
in circuit with a galvanometer; this coil is mounted 
between a second pair of horseshoe magnets m; and ma, 
and its currents will again be proportional to the rate 
of angular displacement. The galvanometer mirror 
throws its light spot on a sheet of photographic paper 
wrapped round a drum; thus a photographic record 
is produced, and the scale of magnification can be 
altered at will by a combination of shunt and series 
resistances, 

The three sets of instruments, to the detailed descrip- 

tion of which we now proceed, have been constructed 
by the Cambridge and Paul Instrument Company, 
Two complete sets of the instruments have been built 
for shipping to Japan, and one vertical comporent 
seismograph, with recording apparatus, for the Uni- 
versity of Georgetown, District of Columbia. U.S., 
situated near Washington. The horizontal component 
seismograph is illustrated in the photograph Fig. 1, 
on page 474, and in the diagrams Figs. 6 to 9, annexed. 
Most of the dimensions marked are in centimetres. 
_ Figs. 6 and 7 are side and front elevations, Fig. 8 
is a plan. The cast-iron frame of the instrument 
is bolted to a strong cast base, which is supported on 
three levelling screws. The horizontal pendulum 
is a solid brass rod, 12 mm. (}in.) in diameter, to which 
the mass W, 7 kg. (15 lb.) of gun-metal, is fixed. 

_The two wires A C and B D are nickel-plated 
pianoforte wires; their length is adjustable, the ends 
being attached to pins held by clamping plates. The 
length C Dis 10 em. (4in.). The pendulum (Fig. 9) ends 
in the damping plate D P of a non-magnetic copper, 
140 mm. by 40 mm., 5°5 mm. thick. Between the weight 
W and the damping plate the pendulum further supports 
the coil-box C B which is of the same construction as 
the coil-box for the vertical component instrument, 
to be described in due course. The rod with the plate 
and coil-box swings horizontally in the pole gap 
between the two pairs of horseshoe magnets, m1 and mz, 
on the outside, and ms and mon the inside of the frame 
(see Fig. 5). The magnets are built up of four lamina- 











tions, and they are adjustably mounted in slides ; 
verniers are attached to the slides so that the position 
of the magnets can be read off to 0-1 mm. ; the verniers 
are illustrated in Fig. 17, on page 476, which refers 
to the similar construction of the vertical instrument 
to be described later. By adjusting one of the 
levelling screws, the axis of rotation of the pendulum 
is slightly inclined, by a few seconds of arc, so that 
the period of its own oscillation, when undamped, 
is about 25 seconds. With perfect adjustment 
of the magnet system the mounting leaves a few 
millimetres vertical play for the pendulum when 
swinging in the gap. By violent disturbances the 
pendulum might receive a horizontal jerk, longitudinal 
or crossways, dangerous to the instrument. The 
device S (Fig. 7), consisting of a pin fixed to the rod 
and a nut running on a threaded bar fixed to the 
frame, prevents these violent jerks; these parts are 
not normally in contact. The whole instrument fits 
into a case about 3 ft. high and smaller in horizontal 
dimensions. 

The vertical component seismograph, which is illus- 
trated in the photograph, Fig. 2, on page 474, and in 
the diagrams, Figs. 10 and 11, elevation and plan, 
on page 476, has a strong cast-iron bed-plate on 
three levelling screws, and bolted to it a bracket 
frame F. This bracket holds the pendulum, which 


Fig.6 











parallel to a similar bar on the bracket. The hinge 
is formed by two pairs of flat springs, one at each 
end of K, made of Chesterman steel, $ in. wide, 
0-002 in. thick; the two springs of a pair are set in 
planes at right angles to one another (Fig 15). 

The flat spring hinge is less liable to friction and wear 
than a pivot would be; but the controlling spring 
is much affected by temperature changes, and the 
new instruments we are speaking of show this. This 
feature is of small importance, however. The seismo- 
graph proper, t.e., the pendulum, will be mounted on 
pillars probably underground, in rooms not subject 
to wind or temperature fluctuations, nor to any 
disturbance by the observers. The recording apparatus 
may conveniently be installed in some other room. 
The three horizontal steel rods R, shown in the 
diagrams, serve as feet merely to facilitate the packing 
of the instrument, which is not transported fully 
assembled. In service the instruments are covered by 
hoods provided with glass windows. 

The magnet system (Fig.16) resembles that of the hori- 
zontal component instrument. But as we have already 
pointed out that the horseshoes are, in the present case, 
mounted horizontally, and we have to add that, to 
strengthen the damping effect, the outer system of 
magnets is doubled, that is to say, there are two inner 
horseshoes on the right and two on the left. The coil- 
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in this,case is-not a rod supported by wires, but a 
metal framing PF hinged to the bracket and free 
to oscillate up and down in the vertical gap of the 
magnet system, the longitudinal axis of which lies 
horizontally. The pendulum frame, of gun-metal, is 
further supported by the helical spring HS, made of 
steel, which extends from the upper extremity of the 
bracket down to the lower portion of the pendulum 
frame. The connections are at both ends made in 
Cardan fashion, by means of links engaging in slots ; 
details of this attachment will be found in Figs. 12, 13 
and 14. The lower attachment is well below the centre 
of gravity of the pendulum. 

The weight W is adjustably mounted with its axis 
in horizontal slots of the frame P F; a further 
balance adjustment is obtained by the aid of the 
auxiliary weight A W which can be shifted on its 
threaded bar. A third weight B W (Figs. 10 and 11), 
which can be screwed up and down on its vertical post, 
serves to adjust the centre of gravity with respect 
to the turning axis of the pendulum system. This 
post is fixed to the rectangular bar K which runs across 
the pendulum frame PF close to the bracket and 














Fies. 6 to 9. Dertratts oF SEISMOGRAPH FOR 
INDICATING THE HorIzONTAL COMPONENTS 
oF DISTURBANCE. 


box CB. (Fig. 18) is identical with that which we 
have mentioned already. It is a shallow tray, made of 
celluloid, 14 cm. long, 4-2 cm. wide and 0-8 cm. high 
(54 in. by 1} in. by 0-3 in.), within which four flat coils 
of silk-covered copper wire are mounted in celluloid 
cement, as shown in Fig. 18. Electrically the four 
coils, each of which consists of a number of turns of 
copper wire, are in series. If we imagine the long 
sides of the four rectangular coils in Fig. 18, num- 
bered successively 1, 2, 3, . . 8, then, with the coil- 
box in position between the magnets, the N pole of one 
of the magnets on the right would embrace the 
sides 2 and 3, and the S pole the sides 6 and 7, while 
on the left the poles over those sides would be 
reversed. The loose connecting wires of the coils are 
taken along the pendulum frame to terminals fixed to 
the bed, and from those terminals on to the galvano- 
meter of the recording apparatus. 

This apparatus consist of a lamp, a mirror-galvano- 
meter and a recording drum. The galvanometer is of 
the Deprez-d’Arsonval type. As constructed by the 
Cambridge and Paul Instrument Company, it resembles 
their bifilar galvanometer, but the suspension of the mov- 
ing system is effected by a single flat strip of phosphor- 
bronze, 225 mm. (9 in.) long. Silver ligaments connect 
the strip with the moving coil, which is very light and 
turns in a radial magnet field. A noteworthy feature 
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of the galvanometer is the addition to the coil of a| glass placed alongside the surface of the drum; this | rails are cylindrical rods, on which the wheels ride with 
thin rod of threaded brass on which two disc weights | lens then focusses the pencil into a bright point. their V-shaped grooves. The driving power is supplied 
are mounted; by screwing these weights to the right| The recording drum is illustrated in the photograph, | by the clock, both for the rotation of the drum about 
or left the period of the instrument can be adjusted. | Fig. 3, on page 474, and in the diagrams annexed, its horizontal axis and for the simultaneous travers- 
Critical electro-magnetic damping is obtained by a pro-| Figs. 19 to 22, representing elevations and plan. | ing motion. In heavier instruments two separate clock- 
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Fie. 24. Batt Renay. P 
works, one for each motion would be advantageous, and r 
- two are used at Eskdalemuir, but the new instruments tl 
; have been so designed that one clockwork suffices. 
ii The drum, which can easily be taken off, is turned ir 
SH about its axis, which rests in roller bearings B, held o! 
+4 1 longitudinally by a flat spring, by the aid of the rollers P h 
be - (one of which is an idler), on which the circumferential ue 
“88 w edge of the end-plate (31 cm. in diameter) of the drum w 
7 presses with its weight. These rollers are smooth; 
RS with toothed gearing a perfectly uniform movement I 
rb of the drum would be more difficult to obtain. The 3 
eS ama bY traversing (sliding) motion of the drum is effected by z 
1-4 bao 2—l means of the long screw S, which runs parallel to the = 
- rails R, and has a split nut N, as shown in Fig. 23. = 
. : The drum runs for 13 hours at a speed of 30 mm. Bs 
Figs. 10 ro 18. Derrarts oF SEISMOGRAPH FoR INDICATING VERTICAL COMPONENTS OF DISTURBANCE. per minute, completing one revolution in about 
30 minutes; the simultaneous traversing motion is 
about 1 cm. per revolution. ie 
: The photographic paper is wrapped round the drum, = 
Fi Wy. 19. the edges of the sheet coming in contact in a line a 
along the top of the drum; a plane glass slab, as long ¢ 
124 as the drum, fits over the joint to hold the paper firmly. ‘ 
ela This slab turns with the drum, the glass offering no 
<4 obstacle to the rays of light penetrating through the 
we cylindrical lens L, which are to trace the curves on 
the paper. When a fresh sheet of paper is to be put on, 
A— “Mee. the traversing gear has to be disengaged, and then it 
the releasing gear, details of which are given in Fig. 23, pm 
oor oe will come into operation. This gear consists of a split RK 
nut N normally gripping the long screw S and the m 
cam M which is manipulated by the handle H. The ve 
parts of the split nut are held by two flat springs of m: 
Chesterman steel C.S., which are fixed to the bed. 
The cylindrical lens L is carried by the sliding post T, th 
as shown in Fig. 19. th 
In order to obtain a time scale for the curves, the we 
6 light of the 4-volt lamp of the recording apparatus is ali 
‘ interrupted once every minute for 1 second by the aid th 
of a relay actuated from the master clock. This relay co 
is of the type designed by Dr. Guy Barr, of the National di 
i i Physical Laboratory; as manufactured by the Cam- ph 
t bridge and Paul Company it is known as the “ball ge 
H relay”? (Fig. 24). It is a bell-shaped magnet, i.e., a po 
hollow steel cylinder, the vertical core of which is wound th: 
- ie 2D with a coil; on the top rests a glass ball, about 1 in. po 
u ar in diameter, into which two electrodes of platinum ph 
{ g wires are sealed; the one electrode is in the bottom re; 
N _jes of the sphere and is covered by a globule of mercury ; fol 
at? the other electrode is lateral and normally outside str 
ibs? | the range of the mercury; on the mercury floats a rig 
Ps small hollow sphere of steel. When the magnet is lor 
energised, the steel sphere is pulled downward and wa 
the mercury is squeezed out laterally, so that the ela 
previously open circuit between the two electrodes an 
is closed. ant 
By the aid of this relay the curve drawn on the thr 
photographic drum is interrupted by a short break at pro 
the end of each minute. In the absence of all seismic reg 
disturbances the photographic sheet after removal from 188 
the drum would hence be covered with a system of the 
parallel lines, about 1 cm. apart, each cut up into Gal 
rectilinear sections of 30mm. length. As the ground 3-5 
is never quite steady, the straight lines will come out I 
more or less wavy. the 
Gees) iS “8th For the calibration of the seismograph the pendulum me: 
is given a succession of gentle taps, and the resulting sta 
Fies. 19 ro 23. Drtams or Evectrro-MAGNETIC RECORDING APPARATUS. deflection of the pendulum is watched by the aid of a of t 
special plane mirror. The tapping instrument is a small var 
per arrangement of resistances. The concave mirror of | Further details are given in Fig. 23. It should be noted | electromagnet, to the armature of which an aluminium ma 
the galvanometer has a diameter of 10 mm. The lamp/| that the letters in these figures do not refer to the | wire lever, about 6 in. long, is attached; the electro- Hu 
of the seismograph throws its beam through a vertical | same parts as in previous figures. Together with the | magnet is fixed to the frame, and the blow is applied app 
slit on to the concave mirror ; that mirror concentrates | clockwork C, the drum D moves with three wheels W | to a point intermediate between the pendulum weight tion 
the pencil of rays into a fine vertical line, which falls | in a geometric slide on the three parallel rails R of the | and the magnet system. The auxiliary mirror a Wa 
en a plano-cylindrical lens in the form of a slab of! bed, which is supported by three levelling screws. The | attached to the weight W in the case of the horizonta gres 
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component seismograph, and to the bar K (Fig. 11) 
of the other instrument. 

The chief advantage of the Galitzin seismograph over 
the simpler instruments is that it gives a highly 
magnified and not too distorted indication of the actual 
earth movement. As a seismoscope, the Milne machine 
is very sensitive. Owing to the absence of damping and 
the small friction, the Milne seismograph would register 
even very faint distant earthquakes, but maximum 
amplitudes recorded would not necessarily coincide 
with maximum movements of the ground. The Milne- 
Shaw instruments, due to Mr. J. J. Shaw, are aperiodic ; 
they admit of a higher magnification and are otherwise 
improved, and when observations of an earthquake are 
available from two stations, the location of the epicentre 
(the point on the earth’s surface above the actual focus 
of disturbance at some unknown depth) can well be 
ascertained. With the Galitzin instruments we can 
determine the vertical component, in addition to the 
horizontal components, and in favourable circumstances 
the azimuths of earthquakes have regularly been 
determined from the records at one station. Yet no 
existing seismograph accurately reproduces the actual 
displacements. To measure directly the acceleration 
of the ground, Galitzin experimented shortly before his 
death with apparatus in which he made use of the 
piezo-electric properties of quartz, that is, the electrifica- 
tion by mechanical stress. Recording seismographs of 
this and other kinds have not yet been developed. 

We should mention another advantage of the Galitzin 
instrument, its freedom from the wandering of the zero 
of the pendulum, which is the bane of many types of 
horizontal pendulums. However much the pendulum 
zero may wander, the zero of the galvanometer is 
unaffected. The scale value is not constant, it is true ; 


Fig.25 











Sa 3 
Fig. 25. Part oF THE RECORD OF THE 
ZANTE EARTHQUAKE. 


it would change with the deflection from the middle 
point, but that can be corrected from time to time. 
For very short periods, however, the electromagnetic 
magnification would be very small, and for that reason 
very rapid vibrations leave no record on the Galitzin 
machines. 

When we examine the drum records obtained, like 
that shown in Fig. 25 annexed, we notice that none of 
the lines are straight. This feature may be due, as 
we have already mentioned, to the microseisms, the 
almost incessant slight’ tremors caused by the wind, 
the beating of the tides on the shores and other 
concussions of the ground. In the records of a 
distant earthquake one can generally distinguish three 
phases. First come the primary P waves or impulses, 
generally of small amplitude, but very irregular; the 
point P is more easily recognised, frequently, on 
the vertical component than on the horizontal com- 
ponent. Then follow the S waves of the second 
phase, of larger amplitude than the P and more 
regular sometimes and fairly sinusoidal. After that 
follows the third phase of the long L waves, which in 
strong or near earthquakes often throw the pendulum 
Tight off its scale. The P waves are ascribed to the 
longitudinal elastic waves, the S to the transversal 
waves, and the L to the surface waves. Any disturbed 
elastic solid gives longitudinal and transversal waves, 
and if the earth were a homogeneous mass, the waves 
and curves would be regular. The waves may travel 
through the interior of the earth, or they may be 
propagated along the surface; the long L waves are 
regarded as surface waves, to which Lord Rayleigh, in 
1885, assigned a velocity of 3-69 km. per second. In 
the case of the Messina earthquake, of December, 1908, 
Galitzin estimated the velocity of the long waves at 
3-53 km. from his records. 

In 1895, John Milne suggested that the distance of 
the epicentre of an earthquake could be estimated by 
measuring the time interval between the apparent 
start of the earthquake record (the P) and the arrival 
of the long waves L. Theoretical investigations of the 
various paths of seismic waves within the earth were 
made at that time by Rudski and by Kévesligethy, in 
Hungary, while R. D. Oldham proposed, about 1900, to 
apply the theory of longitudinal and transversal oscilla- 
tions to seismic records. According to the late G. Walker 
Walker, however—his death, in autumn, 1921, was a 
great loss to this science and to the British Association 


Committee on Seismological Investigations—the Milne 
apparatus of those days did not admit of distinguishing 
the P and S waves, and no real progress was made till 
E. Wiechert, of Géttingen, published his “‘ Theory of 
Automatic Seismographs”’ in 1903; the statement 
occurs in Walker’s book on ‘‘ Modern Seismology.’’* 
The tables of Wiechert and Zéppritz, later improved by 
Zeissig, are still in general use for the determination 
of the distance of an epicentre. Those estimates are 
based upon the measurement of the time interval PS, 
often very difficult to determine, because neither P 
nor § may be distinct, and the S point in particular 
becomes indistinct when the waves have to travel very 
far. 

Our diagram, Fig. 25, is a reproduction of part of the 
record of the Zante earthquake of January, 1912, 
obtained by G. W. Walker at the Eskdalemuir Observa- 
tory with the Galitzin horizontal component seismo- 
graph. The curves proceed from right to left; they 
are closely crowded, the north-south component being 
recorded alternately with the east-west component 
on the same sheet. In the new instruments we have 
described, each component seismograph registers on its 
own drum, and the curves are easy to decipher. The 
successive P waves, and similarly the other waves, 
may represent separate shocks in quick succession or 
the arrivals of reflected waves ; the paths of the waves 
may be straight or curved ; the focus of the disturbance 
may be fairly near the surface, as used to be assumed, 
or deep down in the earth. All those problems remain 
obscure, and the possibility of their partial solution, 
implying assumptions as to the structure of the interior 
of the earth, makes the study of seismology all- 
important. 

In conclusion, we may say that the new Galitzin 
seismographs seem to promise well. When we saw 
the machines above described in the New Southgate 
Works of the Cambridge and Paul Instrument Com- 
pany, Limited (thanks to the courtesy of the works 
manager, Mr. W.H. Apthorpe), one of them had been 
in action over night, and a big earthquake had recorded 
itself. That was on December 12; next day came the 
telegraphic news of a destructive earthquake in Japan. 
We stated above that the instruments are not very 
sensitive to small rapid shocks. In the works the 
machines were standing on a concrete floor; stamping 
on the floor within a few yards of the instrument 
hardly disturbed the galvanometer of the vertical 
component seismograph, but it sent the light spot of 
the horizontal component machine off the scale. 





InpUsTRIAL ALCOHOL.—The manufacture of alcohol 
from molasses in Cuba and its utilisation for motor-car 
propulsion are making considerable headway. The raw 
material is available at a price round about 2 cents 
per U.S. gallon, and favourable contracts for the purchase 
of the whole supply available from certain of the works 
are possible at much lower figures. The production of 
final molasses, wn to the Department of Overseas 
Trade Report on the Economic Conditions of Cuba, by 
Messrs. Godfrey Haggart and D. Gainer, amounted to 
185,000,000 gallons in 1920. Recent production of 
industrial alcohol from this source amounts to 6,500,000 
gallons per annum, of which a large part is exported. 
During the last seven or eight months, the greater 
number of the 2,000 vehicles which ply for hire in the 
streets of Havana, have used this denatured alcohol as 
fuel with good results. The mixture is for sale side by 
side with petrol in the garages. 





THE ELecTRICAL PERFORMANCE OF ELEcTRIC MoTors 
AND GENERATORS.—A British Standard specification, 
No. 168-1923, for the electrical performance of industrial 
electric motors and generators with Class A insulation, 
has just been published by the British Engineering 
Standards Association. It applies to industrial electric 
motors and generators of 1 b-h.p., kw., or k.v.a., and 
upwards per 1,000 r.p.m., having windings insulated 
with impregnated cotton, paper or silk, wound for 
voltages not exceeding 7,000 volts and having either a 
continuous or a short-time rating. This specification 
is the first of a series designed to supersede the British 
Standardisation Rules for electrical machinery. Stated 
briefly, the new British standard rating is: temperature 
rise (on rated load), 40 deg. C.; temperature rise for 
totally-enclosed machines and machines with short time 
ratings, 50 deg. C.; dielectric test, 1,000 + 2 rated 
volts; momentary overload, short time rated machines 
100 per cent. for 30 seconds, continuous rated machines 
50 per cent. for 15 seconds; sustained overloads, short 
time ratings and all totally-enclosed machines—none, 
continuous rating 25 per cent. for 2 hours except for small 
machines. The specification marks an_ important 
departure from the rating laid down in British Engineering 
Standards Association publication No. 72, which, follow- 
ing the rules published by the International Electro- 
technical Commission, provided a rating with a 50 deg. C. 
temperature rise without sustained overload for all 
classes of machine. It has been found, however, that 
this LE.C. rating has only been used by the electrical 
industry to a very limited extent, and the revision has 
been made in response to urgent request from the industry 
for home use. 


THE STRUCTURE OF EUTECTICS.* 
By ALBERT M. PortEvrin, Member, Paris. 


THE microscopical structure of a considerable number 
of binary eutectic alloys having been examined, an 
attempt has been made to give a methodical classification 
from the data thus obtained, due consideration being 
given to the work of previous authors, A brief summary 
of the terms in common use and the accepted view 
on the subject are given, in order that all chance of 
ambiguity may be avoided, due to the absence of precise 
definitions of the terms employed. The mixture, 
eutectic magma or aggregate, results from the solidifica- 
tion or crystallisation from the liquid of eutectic com- 
position. This eutectic liquid, shown figuratively on the 
equilibrium diagram as the liquid at the eutectic point E 
(Fig. 1), corresponds to the intersection of the two lines 
EM and EN of the liquidus M E.N, and occurs at the 
minimum temperature on this line; the co-ordinates 
of this point are: Abscisse X, denoting the concentration 
or composition of the eutectic ; ordinate T, denoting the 
eutectic temperature. At the temperature T, the liquid 
phase E is in equilibrium with the two crystalline solid 
phases shown on the diagram as the points A and B of 
concentrations %,, Z,; thus three phases are in equili- 
brium at this temperature and the system is invariant. 
and isothermal : 


Liq. E. oe solid A + solid B, 


the concentration of the liquid phase X being inter- 
mediate in composition between the solid phases x, 
and 2. 

The alloy of concentration X, or pure eutectic, is 
formed by the solidification of the mixture of A and B in 
definite proportions, A and B being the constituents of 
the eutectic. The alloys of concentrations between x, 
and 2, consist, after solidification and below the tempera- 
ture T, of some eutectic mixture and of one of the pro- 
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eutectic constituents A or B, according to whether the 
concentration is less than or greater than X. In the case 
of all these alloys the solidification is completed at a 
constant temperature T by the solidification of the 
eutectic from the residual liquid of eutectic concentration : 
the solidus is shown as the line AE B. The individual 
particles of the constituents A and B forming the eutectic 
aggregate are formed during solidification under different 
conditions to the pro-eutectic particles of A and B which 
separate from the liquid in the free state, above the 
temperature T, along the branches EM or EN of the 
liquidus, sometimes termed the saturation curves of the 
liquid for A or B. At the point pf intersection E, the 
liquid of eutectic composition may be considered to be 
saturated in respect to both A and B, and any crystallisa- 
tion of either of the phases A or B necessitates a super- 
saturation of the remaining liquid in respect to the other 
phase. It follows from this mode of formation that the 
microstructure of eutectic aggregates may present special 
characteristics, which will now be considered. 

Description of the Eutectic Aggregate.—A eutectic is 
defined in the majority of text-books and treatises on 
metallography somewhat as follows: “A finely divided 
mixture of the two constituents resulting from the 
simultaneous solidification or crystallisation as alternate 
lamelle.” This definition implies three distinct charac- 
teristics: (1) A fine structure; (2) the lamellar form 
of the particles; and (3) simultaneous crystallisation. 
The following examinations of eutectic structures will 
show to what extent the above conditions are correct, 
and whether further reservations are required. With this 
object in view, various eutectic structures were examined 
in the following manner :— 

1. Granulometry of the eutectic, by which is under- 
stood the size of the particles or elements of which the 
mixture is composed. 

2. Morphology of the eutectic, by which is understood 
the form or shape and relative distribution of these 
particles or elements. 

3. Genesis of the eutectic or method of formation of the 
mixture or aggregate. 

Size of the Particles (Granulometry) of the Eutectic 
Mizxture.—The statement that a eutectic consists of a 
mixture of finely divided particles is not sufficiently 
definite unless the degree of fineness has a standard of 
comparison, for fineness is a purely relative term. The 
rate of cooling during the period of solidification pro- 
duces quite as great an effect on the size of the particles 
of the eutectic as on the particles of the free-forming 
constituents of an alloy, and is the governing factor in this 
connection. Thus it is possible to vary the size of the 
individual particles of the constituents, both eutectic and 
pro-eutectic, by varying the total time of solidification, 
and it is even possible, by considerably lengthening this 
period, to produce eutectic particles which are visible with 
a hand lens, or even to the naked eye. The term 





* Our diagram, Fig. 25, is reproduced from this book 
by permission of the publishers, Messrs. Longmans, 





Green and Co., and of the Eskdalemuir Observatory. 











* Paper read before the Institute of Metals, March 7, 
1923. Translated by Leonard Taverner, A.R.S.M., 
D.I1.C., Member. 
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“fineness of texture” is therefore only correct in a relative 
sense, comparison being made with the pro-eutectic 
particles with which the eutectic particles are compared. 
With this reservation, all eutectics exhibit a characteristic 
fine structure; altering the conditions of cooling affects 
the whole structural character of the alloy, but the 
eutectic particles remain of considerably smaller size 
‘relative to the other particles. No difficulty whatever 
need be experienced in identifying a eutectic, except in 
the case of a pure eutectic, and in this case, in general, 
the morphology of the structure—as described in the 
following paragraph—will, as a rule, enable one to 
identify a eutectic mixture, at least in the case of metallic 
alloys. 
Morphology of the Eutectic.—It appears desirable, in 
the first instance, to consider the exact meaning of the 
terms in common use, to describe the various structures. 
In this connection it may be mentioned that the descrip- 
tions have arisen either from examination of the image 
formed on a single plane (e.g., cementite needles, acicular 
ferrite, observed with steels), or from an estimation of the 
solid form of the particles deduced from the appearance 
of various particles in a single plane, or from an examina- 
tion of several differently oriented sections (e.g., lamellar 
pearlite, globular pearlite). This may explain the con- 
fusion that has arisen with investigators not completely 
familiar with the varying appearance in differently 
oriented sections. ii 





The term ‘lamellar structure,’ so 
commonly met with in connection with eutectics, strictly 








containing 90 per cent. tin, showing the pro-eutectic tin 
copper constituent as large crystals surrounded by 
eutectic. The particles of tin-copper in the eutectic are 
distributed throughout the mass of tin, and are of similar 
appearance and form to the pro-eutectic crystals (curved 
needles of U-shape in transverse section) ; the appearance 
of the eutectic as a whole is that of a pro-eutectic copper- 
tin alloy, as viewed under low power insufficient to resolve 
the particles of the eutectic; the pure eutectic consists 
of crystals of tin-copper embedded in tin; similarly, the 
alloys richer in copper consist of similar crystals of tin- 
copper surrounded by eutectic. The eutectic therefore 
shows morphologically, but on a very reduced scale, 
the same structure as a pro-eutectic alloy. It sometimes 
occurs that the displacement of the liquid during solidifica- 
tion (especially when this is accompanied by a large 
contraction in volume) produces an effect on the eutectic 
structure shown by the distribution of the solid along the 
lines of flow. This is illustrated by Fig. 6, Plate XXX, 
showing an antimony-cobalt alloy, in which the particles 
of CoSb, of the eutectic CoSb,-Sb have been displaced 
along the path of the liquid moving past the fixed 
particles of pro-eutectic CoSbz. Otherwise, this eutectic 
belongs to Type I. Finally, there are the incurved 
eutectic and pro-eutectic crystals mentioned by Stead 
in the arsenic-antimony-tin alloys, the incurvation being 
probably due to diffusion currents in the liquid. 

Type II. Dendrites or Skeleton Crystals.—The regular 
compact crystals of the previous case are replaced by 
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interpreted "refers to a spatial structure, the eutectic 
aggregate being considered as built up from a number of 
thin plates, the lamella or thin sheets being more or less 
curved. If various eutectic alloys, prepared under 
varying conditions of solidification, are microscopically 
examined, it will be seen that a true “ lamellar ” structure 
is very rarely to befound. In all probability, the wide use 
of this term resuits from a rather hasty and premature 
description of one of the structural forms of pearlite in 
steels, this being an aggregate very frequently examined, 
and one of considerable historical importance. But in 
this instance, the structure is that of a eutectoid mixture 
formed from a solid solution in the completely crystalline 
state, and not that of a eutectic, in the strict meaning of 
the term, formed from a liquid phase. It therefore 
appears desirable that the general definitions of a eutectic 
structure should undergo some revision, and the following 
is an attempt to suggest a morphological classification 
of eutectic structures, based on the examination of 
various eutectic strucures and descriptions of similar 
structures already given by numerous observers. 

_From a general examination it appears possible to 
distinguish three distinct types of structures, which may 
be illustrated by typical examples.* 

_Type I.—Regular crystals of one of the constituents 
disseminated in the other constituent forming the 
ground mass of the alloy. 

The tin-copper eutectic from the tin-rich end of the 
copper-tin series affords a good example of this type. 
Fig. 2, Pilate XXX, is a section of a slowly-cooled alloy 





_* In the examples shown, the eutectics are described 
either by the component metals of the alloy (e.g., eutectic 
alloy silver-copper), or by the constituents of the eutectic 
as shown by the equilibrium diagrams available (e.g., 
eutectic Mg,Zn-Zn). 
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more or less regularly developed dendrites or skeleton 
crystals. The following eutectics may be mentioned as 
examples: Ag,Sb-Sb (Fig. 3, Plate XXX), Mg-MgoCu 
(Fig. 4), Mg-MgoSi (Vogel). Bi-Pb (Fig. 5), &c. The 
following varieties may be distinguished in this type. 
(a) Eutectics of regular dendrites or tree-like formations 
resulting from the almost exclusive building-up along 
the crystallographic axes, shown in Fig. 3 by the Ag;Sb-Sb 
eutectic. (b) Eutectics of irregular or badly formed 
dendrites, as represented in Fig. 5 in the case of the 
bismuth-lead eutectic. (c) Eutectics of skeleton crystals 
or regular but partly-formed crystals, such as the 
Mg-Mg,Si eutectic. 

These distinctions are very specious, the inclination 
to form more or less regular dendrites being in no way 
characteristic of the eutectic constituent which forms 
them ; thus this regular form appears even more marked 
in the case of bismuth-lead alloys when a little antimony 
is present. There can be no marked distinction between 
these varieties any more than between this type and the 
preceding case: regular crystals and dendritic crystals 
may be met with at one and the same time (e.g., bismuth- 
lead eutectic); again, the crystalline forms may be 
regularly formed in such a manner that the shell or layer 
reproduces a cubic or pseudo-cubic crystal, as seen in 
the binary eutectic of the lead-antimony-tin (Fig. 7, 
Plate XXX), thus showing a transition stage between the 
Type I or regular form and the skeleton form. Here 
again the eutectic reproduces, on a much reduced scale, 
the structure of the pro-eutectic alloys, the constituent 
in view being the one that occurs in the eutectic in den- 
dritic form. The similarity of form of the same>con- 
stituent in the eutectic and pro-eutectic condition is 
very marked in certain instances, notably the compound 
MgSi of the magnesium-silicon series, which occurs in 
both instances in a very characteristic form. 





This is by no means a general rule, and it may be 
frequently observed that any one constituent has an 
entirely different appearance according to whether it 
occurs in the eutectic-or pro-eutectic condition; thus 
in the copper-magnesium alloys, pro-eutectic Cu,Mg 
occurs as regular convex crystals and the eutectic Cu,Mg 
as dendrites. Fig. 8, Plate XXX, of a lead-tin-antimony 
alloy indicates the crystalline relation between . the 
regular pro-eutectic crystals and the dendritic forms of the 
eutectic. It is recognised, moreover, that it is easily 
possible to pass from the regular-faced forms to the tree- 
like formations by slight modifications of the conditions 
of crystallisation, such as an increase in. the viscosity 
of the liquid, so that the forces tending to the formation 
of one or the other type may be very slight. On the other 
hand, these two types possess a common characteristic 
inasmuch as one of the constituents of the eutectic 
retains its own correct crystalline form, which shows 
that the crystallisation of the constituent has hindered 
the free crystallisation of the other constituent which 
merely fills in the ground mass ; synchronism of crystal- 
lisation of the two constituents has not occurred, and it 
may be stated that one of the two has exerted a directing 
influence or is the enveloped constituent (the other being 
the enveloping constituent), or else, since the one deter- 
mines the structural appearance, that this is the morpho- 
logical constituent. On the other hand, it will be seen 
in the following type that it is practically impossible 
to determine which constituent directs or decides the 
crystallisation and consequently affects the structural 
appearance. 

Type III.—Arrangement in “ eutectic colonies ” or as 
complex grains more or less spherulitic. In order to 
obtain an appreciation of this structural form it is 
necessary to refer to Figs. 12 to 24, which illustrate 
examples of this type. There exists some form of duplex 
structural formation, a structure formed of elements 
which are themselves complex. Viewed under magnifi- 
cations insufficient to resolve clearly the eutectic particles, 
a network approximating to polyhedra is revealed by 
polished and etched sections, this structure being the 
arrangement of the “ complex grains ’’ analogous to the 
crystal grains of a metal. Viewed under high magni- 
fications, these grains themselves are seen to consist of a 
radiating or, more strictly, diverging cluster of closely- 
spaced threadlike particles of the eutectic. These 
filaments or fibres widen out at their extremities—that is 
to say, at the boundaries of the “‘ complex grains.’’ The 
structure is very frequently to be met with, and numerous 
examples are shown by the eutectics of the following 
series: Aluminium-zinc, cadmium-tin, cadmium-lead, 
cadmium-zine, tin-lead, tin-zinec, &c. It is also the 
structure of the Cu-Cu20 eutectic and that of white 
cast-iron. 

Rosenhain and Tucker, who investigated the lead-tin 
eutectic, mentioned the characteristics which are here 
described under the headings ‘‘ complex grains” or 
** crystalline colonies.”* The appearance of the various 
pseudo-polygonal surfaces as cut in any one plane by 
adjacent grains varies, but such sections do not show 
the same characteristics as those of a pure metal. The 
latter exhibit a definite reflecting power according to their 
orientation, the brightness varying according to the angle 
of incidence of the light and is uniform over the whole 
section of the grain; also by rotating the specimen two 
maximum and two minimum positions of brightness are 
observed. If a eutectic section is treated in a similar 
manner, it appears that the incident light is only reflected 
by one section which alone appears luminous and is 
unaffected by rotation of the specimen. The phenomenon 
is analogous to that presented by the sphero-crystals of 
minerals. Rosenhain has concluded that the previously- 
mentioned polygons are sections through spherulites 
formed from radiating crystals, but which are otherwise 
analogous to the polymorphic crystals of the pure metals. 
Vogel has even described this structure as being formed 
by complete spherulites, one of the constituents of the 
eutectic (that which “ directs” the eutectic crystallisa- 
tion) crystallising from centres and forming radiating 
structures, the other constituent at the same time 
filling in the free space between the needles of the 
‘* directing ’’ constituent. Diagrams are given to illus- 
trate the supposed method of growth (Figs. 9 and 94). 
Fig. 9 represents a section passing through one of the 
centres of crystallisation, and Fig. 94 any non-diametric 
section of the spherulitic structure. The appearance of 
the latter figure bears a distinct resemblance to the photo- 
graphs of the eutectics of the following series: Cd-Zn, 
Pb-Cd, Cd-Sn, Sn-Pb, Al-Zn, Cu-Cu20, &c. (Fig. 11, 
Plate XXX ; Fig. 18, Plate XX XI; Figs. 19 to 21 and 24, 
Plate XXXI), with the following reservation, that in 
practice the section of the needles increases in thickness 
as they approach the boundaries of the “ complex grains” 
(Figs. 10a and 10d), whereas the diagrammatic repre- 
sentation by Vogel allows for an increase in size only in 
the radial direction without a simultaneous variation in 
the vertical direction. Moreover, a general incurvation of 
the particles will always be found in every ‘‘ complex 
grain,” this being particularly marked in Fig. 20 (Plate 
XX XI—cadmium-lead eutectic) and Fig. 22 (Plate XX XI 
—Cu-CusP). y 

The general arrangement is far from being spheroidal, 
since the complex spherulites are determined by a networ 
of roughly polyhedral ‘‘ complex grains’; the structure 
is often elongated and radiating, presenting in some 
instances a treelike tendency bearing some relation to @ 
dendritic formation. Fig. 11, Platé XXX, of the eutecti¢ 
of the lead-tin series slowly cooled, at a low magnification, 
affords a good example of this structure. In this instance 
there is no longer a radiating group of threadlike particles 
but an intermixed collection of adjacent fibres of the two 
constituents, resembling those agglomerations or colonies 
of polyps termed ‘‘ madrepores.” Thus the term giving 
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the best indication of this type of structural arrangement 
would be ‘‘ madrepore type,” assuming that no unforeseen 
factors have been omitted. Fig. 12 shows a section of a 
complete crucible charge of lead-tin eutectic slowly 
cooled: the process of formation of the eutectic colonies 
from the surface is clearly seen, and these diverge and dis- 
appear towards the centre ; Figs. 13 and 14, Plate XXXI, 
are sections of these complex structures at higher magnifi- 
cations. The eutectic alloys of the cadmium-zine and 
cadmium-lead series afford equally good examples of this 
type. 

. Ties the outside edges of these eutectic colonies, the 
particles of which they are composed, are enlarged or 
swell out in such a manner that the boundaries are clearly 
indicated by a fringe of larger structure easily dis- 
tinguished. In other words, the interior of the “‘ complex 
grains” has a finer structure than the outer layers. 
According to Rosenhain ‘and Tucker this phenomenon is 
met with in alloys containing a slight excess of one con- 
stituent as compared with the eutectic composition ; 
the increase in size could be explained by the slowing down 
of crystallisation brought about by the liberation of heat, 
and is particularly well illustrated by the photographs 
of the aluminium-zine eutectic alloys (Fig. 15), cadmium- 
tin (Fig. 16), cadmium-zine (Figs. 17 and 18), cadmium- 
lead (Figs. 19 and 20), tin-lead (Figs. 13 and 14), copper- 
oxide-copper (Fig. 21), copper-phosphorus (Fig. 22). 

The structure of the interior of these complex colonies 
appears, in parts, lamellar (aluminium-zine, Fig. 15; 
cadmium-zine, Fig. 17; Cu-Cu3P, Fig. 22), but this is 
contradicted by the photomicrographs of the eutectics 
cadmium-tin (Fig. 16), cadmium-zine (Figs. 17 and 18), 
cadmium-lead (Fig. 19), Cu-CugO0 (Fig. 21), and, when 
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examined under higher magnifications, aluminium-zinc 
(Fig. 23) and cadmium-zine (Fig. 24). The particles are 
not always of a fibrous form, but may have a wavy 
appearance, such that a transverse section presents a 
lamellar or vermiculated appearance, and sometimes 
exhibits a tendency towards the dendritic form, as in the 
lead-antimony eutectic and bismuth-tin eutectic (Fig. 26) ; 
je tendency forms a connecting link with the preceding 
ype. 

The radiating or simple diverging appearance of the 
particles in each complex grain, which has suggested the 
comparison with spherulites, is very clearly seen in certain 
eutectics such as the cadmium-lead (Fig. 20), cadmium- 
zine (Fig. 17), and tin-lead (Fig. 13), when the plane of the 
section is suitable ; but the divergence is in some instances 
very slightly indicated, as in the tin-zinc eutectic (Fig. 27), 
in which the fan-like formation is only slightly in evidence. 
The particles of the “‘ complex grains ” may even be 
practically parallel, as in the cadmium-bismuth (Fig. 28) 
and copper-antimony (Fig. 29) eutectics. But this quasi- 
parallelism must not be confused with lamellar structure, 
as it is only necessary to examine other sections or 
differently oriented sections to disprove this contention 
(cadmium-bismuth, Fig. 30; antimony copper-antimony, 
Fig. 31). Even when the radiating appearance is only 
slightly in evidence, the variation in size of the particles 
of the interior and exterior of the grains remains (Fig. 30, 
cadmium-bismuth ; Fig. 32, copper-antimony), and a 
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very striking example has been already mentioned in the 
case of the copper-antimony eutectic. Therefore at least 
one distinctive feature always remains to this type of 
eutectic structure. 

Here again the pro-eutestic particles may also play the 
role of the directing force in the orientation of the 
eutectic particles ; but this is rarely met with, as mostly, 
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with eutectic alloys of this type, the pro-eutectic particles 
are dendritic, in which case they do not appear to exert 
any controlling influence.* With white cast-iron where 
the pro-eutectic constituent, FesC, occurs in plates, the 
effect on the orientation of the eutectic particles is mani- 
fest (Fig. 33), the latter occurring as parallel bars. 
According to the angle at which these bars are cut on the 
plane of the section, the structure appears of lamellar 
form or as a collection of rounded dots which could be 
interpreted as a globular structure. The latter is that 
described by Robin as a special variety under the name of 
eutectic or dotted cementite; this example shows the 
necessity of examining differently oriented sections before 
describing the solid structure of any eutectic. Along 
their borders these various eutectic colonies are outlined 
by a fringe, the eutectic particles of which are increased 
in size; these fringes or borders of larger structure in 
some cases form bands along which the adjacent complex 
grains appear to unite (see Figs. 16, 19 and 26), in which 
case the outlines become indistinct. Usually, however, 
there is a distinct line of division, in which case there is 
no connection or confusion with the particles of the 
adjacent grains (see Figs. 13, 15 and 22). This offers 
distinct evidence of simultaneous growth, in each complex 
grain, of the particles of the two constituents of the 





* Indications to the contrary have been noted in the 
Cu-CusP alloys. 

















eutectic, since if the one crystallised at a greater speed 
relative to the other, mutual penetration of the boundaries 
of the adjacent eutectic colonies would result. Therefore, 
the linear velocity of crystallisation of the two con- 
stituents in every grain is synchronised. 

In this respect this type is clearly distinct from the 
two preceding types in which, as already mentioned, 
successive crystallisation occurs, or at least alternation 
in the crystallisation of the two constituents. The 
distinction between the enveloping constituent and the 
enveloped constituent scarcely applies. In this con- 
nection Vogel has formulated the following, which does 
not appear to the author very explicit : ‘‘ If the crystal- 
lisation is controlled by the enveloped constituent, an 
aggregate is obtained in which the cores of this con- 
stituent may be observed surrounded by the other con- 
stituent (enveloping constituent) ; if, on the other hand, 
it is the enveloping constituent that controls crystallisa- 
tion, the inclusions formed consist of the enveloped 
constituent.’’ Vogel adds, moreover, that there exists 
practically no means to decide which of the two con- 
stituents has controlled the crystallisation. Therefore, 
the only general characteristic of this type of crystallisa- 
tion is the varying size of the particles of the eutectic, 
according to whether they occur in the interior or at the 
exterior of the eutectic colonies, or according to the 
situation and orientation of the section in relation to the 
latter. As a general rule these peripheral zones give a 
general appearance to the micrographic section resembling 
either the meshes of a network or more or less interwoven 
and tree-like figures. 

However, as already stated, these areas of relatively 
large structure may be diminished or be very indistinct 
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when the divergence of the particles is greatly lessened. 
In such cases the variation in coarseness is only observed 
in passing from one complex grain to another, and the 
appearance of the whole is strictly comparable to that 
oF. all two-phase alloys where one phase has been produced 
from an entirely solid system; thus the eutectic aggregate of 
the bismuth-cadmium series, shown in Fig. 28 resembles, 
and might even be mistaken for, an a + 8 brass as cast. 
Moreover, the complex grains present as a whole the 
varying brightness due to orientation similar to the crystal 
grains of a pure metal (Fig. 34, page 460). If, on the other 
hand, the shapes of the particles of the eutectic are 
considered, they may be of rounded section, flattened, 
wavy, and even arborescent, tending to the dendritic 
form. Therefore, in order to distinguish and classify 
the varying appearances of the eutectic, it will be 
necessary to consider the following varieties, based on 
the general direction of the particles in the eutectic 
colonies and also the shape of these particles. Fig. 10, 
Plate XXX, represents diagrammatically the appearance 
of the transverse sections of the eutectic colonies; Figs. 
10a, 106, 10¢ show the theoretical appearance of a 
diametrical section of a spherulitic form; Figs. 10d, 
10e, 10f, the actual diagrammatic appearance. 

1. A diverging or radiating variety that might possibly 
be termed spherulitic, but is more correctly termed 
madreporic, for reasons already stated. In each colony 
the particles thicken out towards their extremities and are 
more or less incurved. These particles, elongated into 
fibres or branches, may occur as follows: (a) Rounded, 
dotted, or spheroidal appearance, Fig. 10d—e.g., the 
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following eutectics: Cd-Zn, Cd-Sn, Cd-Pb, Cu-Cug0, 
Sb-CuSb. , -(b) Flattened, or in more or less wavy sheets, 
Fig. 10e, vermiculated or speckled appearance—e.g., the 
following eutectics : Al-Zn, Bn-Pb, Cu-Cu;P. (¢) Branch- 
ing (Fig. 10f), producing a dendritic appearance in the 
peripheral zones of the eutectic colonies combined with 
an enlarged and better developed structure—e.g., the 
lead-antimony eutectic. In all these instances this 
variety is characterised, in the first place, by the variable 
sizeYand development of the particles of the eutectic on 
passing from the centre to the exterior of the eutectic 


colonies, and also by the radiating or rosette distribution | 





preceding type. Butitis important to note that this type 
differs from the preceding type, in that the eutectic struc- 
ture in this case bears no relation to the pro-eutectic 
structure. Therefore, in this instance, a specific and 
characteristic eutectic structure is considered. There is 
no longer the question of lamellar structure (except in 
certain special cases), other than in specially oriented 
sections (flattened particles or a section parallel to 
the general direction of the particles of the parallel- 
clustered variety), which, considered alone, bear no 
relation to the three dimension structure of the 
eutectic. 
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of the particles of any colony, as shown by a microscopic 
section. 

2. The fan-like variety, that is to say, with slightly 
divergent particles contained within a narrow cone— 
eg., Sn-Zn and Sb-SbCu, eutectics. There is still a 
variation in the size and appearance of the particles of 
any one colony in the same section, but a true radiating 
structure never occurs, the appearance resembling a fan 
or partially opened palm leaf. 

3.. Parallel-clustered variety, occurring as minute rods 
grouped together in a parallel or quasi-parallel arrange- 
ment ; sometimes as minute rods (e.g., white iron eutectic) 
sometimes with the particles somewhat flattened (e.g., 
cadmium-bismuth eutectic), but always in the same 
direction in any grain. The variation in size of the 
particles is only apparent between different grains or 
complex colonies. n any one section it is uniform 
throughout the section of any one complex grain. 

The fineness of structy.re may vary over the area of the 
section or sample (Fig. 30), and this variation is accom- 
panied by a variable colcration of the structural particles 
(Fig. 28), in. such instances the parallel crystallographic 
orientation of the particles in any complex grain being 
particularly well illustrated. Here again the structural 


a rance. The last form has been described by Bene- 
dicks in the case of the white iron eutectic (Fig. 35), in 
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particles may have a rounded, flattened, wavy, or dendritic | 


sections cut tangentially to the boundaries of the eutectic | | 4 . - : 
colonies. As already stated by Benedicks, these branching | in the case of the metallic eutectics ; it may be conceived 


forms seem to be due to the effects of capillary forces work- 
ing in conjunction with the vectorial forces of crystallisa- 
tion. In short, these three varieties could be roughly 


classified as of spherical, conical and cylindrical distribu- | 9f three constituents. 
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Type IV. Granular.—This type has not been found 


as an aggregate of the particles of each constituent of the 
eutectic, approximately equally developed in all direc- 


| tions and in juxtaposition, as in minerals containing two 


It has been included merely 


tion; the individual particles may, in each case, be of | because it corresponds to the eutectic structure of the 
rounded, flattened, wavy, or dendritic section, the last | eruptive rocks. 


occupying the transitional position between this and the 


(T'o be continued.) 





CATALOGUES. 


Pumps.—A catalogue of direct-acting boiler feed 
pumps and of a pump specially suited for forcing heavy, 
liquid fuel is to hand from Plant and Supplies, Limited, 
12, Henrietta-street, London, W.C. 


Electric Motors.—A number of catalogues and circulars 
with four priced lists of slip ring and squirrel cage induc- 
tion motors for single, two-phase and _ three-phase 
currents are to hand from Messrs. Brittain’s Electric 
Motor Company, 110, Cannon-street, London, E.C. 


Overload Switch.—A catalogue of Vanwyk’s overload 
switch made in Holland and not used hitherto in this 
country, has reached us from the agent Mr. Frederick 
Pratt, 23, Queen Anne’s-gate, Westminster, London, S.W, 
The catalogue contains an ample description of the 
switch as well as a list of prices. 


Switchgear.—The British Thomson-Houston Company, 
Limited, Rugby, send three of their carefully compiled 
catalogues containing full explanatory matter, dimen. 
sions and all necessary particulars of ironclad oil- 
immersed circuit breakers, mining controllers and 
resistances, and automatic control gear for electric 
winches and capstans. 

Pipe Covering.—Messrs. Newall’s Insulation Company, 
Limited, 4, Mosley-street, Newcastle-on-Tyne, have sent 
us a catalogue giving particulars of a heat retaini 
covering for steam pipes. The coverings are made 
magnesia and asbestos, and are supplied in half-circle 
sections of four thicknesses up to 2in. They are moulded 
to suit pipes of all diameters from } in. to 15 in. 


Belting and Leather Goods.—A comprehensive catalogue 
dealing mainly with power transmission belts, but also 
with other classes of belting, clutch and hydraulic 
leathers, buffers, hose and the necessary jointings, 
fittings, dressings, &c., has come to hand from Messrs, 
John Tullis and Son, Limited, Glasgow. The catalogue 
also contains a quantity of useful technical and practical 
data. 


Switchgear, d&:c.—Copies have reached us of two 
articles by Mr. W. A. Coates, one on high-voltage switch- 
gear design and the other on electrolytic lighting arresters 
reprinted by the Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford Park, Manchester. Each is in 
the form of a 16-page quarto pamphlet, fully illustrated 
and worthy of perusal by all interested in the subjects 
dealt with. 


Electric Hauling Gear—A number of hauling units 
ranging from 10 h.p. to 100 h.p., and all electrically 
driven by motors mounted on the base plate, are illus- 
trated in a catalogue received from Messrs. Beckett and 
Anderson, Limited, 59, Greendyke-street, Glasgow. 
Both drum and endless-rope types of gears are illus- 
trated and special attention is given to clutches, brakes 
and control gear. 


Electric Drive in Mills.—Mr. J. F. Crowley’s paper on 
‘The Use and Advantages of Electric Power in the 
Factory,”’ read before the Royal Society of Arts in 
August last, has been reprinted from the Society's 
Journal by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C. The technical 
matter is illustrated by reference to the driving of 
machines in jute mills. 


Electric Motors.—A catalogue of multi-speed induction 
motors ranging from about 5 h.p. to 200 h.p. is to hand 
from the Electric Construction Company, Limited, 
9, Kingsway, London, W.C. This list is prefaced by a few 
pages of text explaining the suitability of the particular 
type for various drives, such as machine tools, pumps, 
winding engines, printing machines, &c. A _ leaflet 
illustrating a controller for changing speeds in a six-speed 
motor has also been received. 


Transformers.—Translations of two booklets on 
transformers issued by Messrs. W. Smit and Co., Holland, 
-have reached us from their agents, Messrs. J. G. Statter 
and Co., Queen Anne’s Chambers, Westmiaster, London, 
S.W. One of the booklets contains descriptive matter 
of the transformers made by Messrs. Smit and technical 
information relating to transformers generally, while the 
other deals particularly with selecting, drying, filtering 
and testing oil for use in transformers. 


Oil Engines.—A series of eight vertical oil engines of 
the cold-starting type, and ranging from 50 b.h.p. to 
500 b.h.p. working load, is described in a catalogue 
received from Messrs. Ruston and Hornsby, Limited, 
Lincoln. These engines are suitable for general indus- 
trial power production as well as for driving electric 
generators, and the powers mentioned can be developed 
continuously when running daily on fuel of 18,000 B.Th.U. 
per pound and specific gravity not exceeding 0°95. 
The engines will run on heavier fuels, but the power 
developed will naturally depend upon the quality of the 
fuel. We illustrated and described one of these engines 
fully on page 153 ante. 

Mining Machinery.—A catalogue of 64 pages specially 
devoted to mining machinery to hand from Messrs. 
Robey and Co., Limited, Lincoln, is well arranged with 
clear and concise explanatory matter and useful tables 
of sizes, powers, weights, &c. The machinery dealt with 
includes steam and electric winding engines of several 
types, mining development engines, portable vertical 
hoisting engines, haulage gears, air compressors, boilers of 
various types, stone and ore-breakers and crushers, mine 
head gears, pumps, tip wagons, hoisting skips, kibbles, 
&e. Particulars are also given of plant for distributing 
stone dust in mine roadways for preventing explosions 
and improving the atmosphere underground. The 
catalogue itself is a highly creditable production im 
every way, being very informative and well illustrated. 
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